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Title: ADIPONECTIN PRODUCTION ENHANCER 
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Seattle, Washington 98101 
March 6, 2009 

TO THE COMMISSIONER FOR PATENTS: 

Claims 41, 43-48, 55-57, and 59-62 are pending in the application and have been 
rejected. Reconsideration and allowance of Claims 41, 43-48, 55-57, and 59-62 in view of the 
following remarks is respectfully requested. 

The Claimed Invention 

Claims 41, 43-48, 55-57, and 59-62 are pending. Claims 41 and 48 are the pending 
independent claims. 

Claim 41 is directed to a method for increasing adiponectin production that includes 
administering one or more HMG-CoA reductase inhibitor(s). Claims 43-47, 57, 59, and 60 
depend from Claim 41. 

Claim 48 is directed to a method for treating hypoadiponectinemia that includes 
administering one or more HMG-CoA reductase inhibitor(s). Claims 55-57, 61, and 62 depend 
from Claim 48. 

The Rejection of Claims 41-62 Under 35 U.S.C. § 112, First Paragraph 
Claims 41-62 have been rejected under 35 U.S.C. § 112, first paragraph, for failing to 
enable the skilled person to use the invention commensurate in scope with the claims. 
Withdrawal of the rejection is requested for the following reasons. 
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Claims 41 and 48 are the remaining pending independent claims. Claim 41 is directed to 
a method for increasing adiponectin production that includes administering one or more 
HMG-CoA reductase inhibitor(s). Claims 43-47, 57, 59, and 60 depend from Claim 41. 
Claim 48 is directed to a method for treating hypoadiponectinemia that includes administering 
one or more HMG-CoA reductase inhibitor(s). Claims 55-57, 61, and 62 depend from Claim 48. 

Regarding Claim 41 and its dependent claims, the Examiner's concern regarding 
identifying a subject population for treatment is not relevant to the recited method for increasing 
adiponectin production. The specification describes the relationship between adiponectin and 
diabetes, and that increasing adiponectin production is useful for the treatment or prevention of 
diabetes and insulin resistance syndrome, and complications caused thereby. See page 3, 
lines 17, to page 4, line 23. Therefore, the skilled person in the art of diabetes diagnosis can 
determine those having depressed adiponectin levels and then address that deficiency by the 
claimed method. 

Similarly, with regard to Claim 48, the application as filed describes disease states 
associated with decreased blood adiponectin concentrations, including hypoadiponectinemia. 
See, for example, page 2, lines 9-30. Therefore, applicants submit that it is well within the 
purview of the skilled person to diagnose a person suffering from depressed adiponectin level 
(hypoadiponectinemia) and then address that deficiency by the claimed method. 

Hypoadiponectinemia is a well-known condition that is readily identified and diagnosed 
by a person skilled in the art (i.e., a medical doctor in the relevant field). The application has 
provided sufficient support for the inhibitory effect of HMG-CoA reductase inhibitors on the 
diseases recited in Claims 41 and 48, as evidenced by Example 1, "Adiponectin production 
enhancing action (in vitro)," and Example 2, "Adiponectin production enhancing action (in vivo) 
and glucose uptake enhancing action." Furthermore, M.P.E.P. 2164.02 titled "Working 
Example" allows the correlation between in vitro and in vivo animal model assays and a claimed 
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method of use "if the art is such that a particular model is recognized as correlating to a specific 
condition." 

In applicants' response filed November 20, 2007, the Examiner was provided evidence of 
the relationship between adiponectin and certain diseases: (1) Shimomura et al., 
"Pathophysiological Significance of Adiponectin," Medical Molecular Morphology 40:55-67, 
2007, attached in the previous response as Exhibit A; and (2) Han et al., "Adiponectin and 
Cardiovascular Disease," Journal of the American College of Cardiology ¥9:531-538, 2007, 
attached in the previous response as Exhibit B. 

The Shimomura publication shows the clinical significance of adiponectin and the 
relationship between adiponectin and several diseases (obesity, cardiovascular disease, 
hypertension and dyslipidemia, metabolic syndrome, inflammation, cancer, and other diseases). 
See pages 58 and 59. The Han publication describes the relationship between adiponectin and 
cardiovascular disease. 

As evidenced by these publications, the skilled person would understand that the 
experimental results set forth in the application as originally filed establish the correlation 
between the in vitro and in vivo animal model assays in the application and the claimed methods. 
The mouse model described in Example 2 of the application is recognized in the art as 
correlating with specific conditions of diabetes, such as insulin tolerance and glucose uptake, as 
well as demonstrating that adiponectin levels can be measured in a warm-blooded animal. 
Moreover, the specification cites references that show that mouse models for studying 
adiponectin and glucose metabolism were well known in the art (see page 3, lines 23-30). 
Further, the mouse model is well established as a model for testing the effect of statins on lipid 
homeostasis. Moreover, as described in the specification, the measurement of adiponectin levels 
in human plasma and mouse blood are routine and well known in the art (see, for example, 
page 2, lines 9-20; Example 2, page 28, lines 5-9). 
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Because the level of predictability in the art of selecting subjects with low adiponectin 
levels is high, and the quantity of experimentation required to identify subjects with reduced 
adiponectin levels is not undue, the application as originally filed provides a disclosure that 
enables the skilled person to make and use the claimed invention without undue experimentation. 
See in re Wands, 858 F.2d 731 (holding that the specification was enabling because "there was 
considerable direction and guidance" in the specification; there was "a high level of skill in the 
art at the time the application was filed;" and "all of the methods needed to practice the invention 
were well known.") Further, no evidence has been submitted supporting the Examiner's 
conclusion concerning the alleged lack of enablement. Accordingly, the application satisfies the 
enablement requirement. Therefore, withdrawal of the rejection is respectfully requested. 
The Rejection of Claims 41-62 Under 35 U.S.C. § 103(a) 

Claims 41-62 have been rejected under 35 U.S.C. § 103(a) as being unpatentable as 
obvious over the combined teaching of U.S. Patent No. 6,130,214, issued to Lohray etal., in 
view of U.S. Patent No. 6,384,062, issued to Ikeda etal. The Examiner further relies on 
Schulze et al., "Adiponectin and Future Coronary Heart Disease Events Among Men With Type 
2 Diabetes," Diabetes 54:534-539, 2005, printed pages 1-6. 

As noted above, Claims 42, 49-54, and 58 have been canceled. Claims 41 and 48 are the 
remaining pending independent claims. Claim 41 is directed to a method for increasing 
adiponectin production that includes administering one or more HMG-CoA reductase 
inhibitor(s). Claims 43-47, 57, 59, and 60 depend from Claim 41. Claim 48 is directed to a 
method for treating hypoadiponectinemia that includes administering one or more HMG-CoA 
reductase inhibitor(s). Claims 55-57, 61, and 62 depend from Claim 48. 

Relying on the publication to Schulze et al. (Adiponectin and Future Coronary Heart 
Disease Events among Men with Type 2 Diabetes, Diabetes 54:534-539, 2005), the Examiner is 
of the view that adiponectin was well known in the art as a major modulator of insulin resistance 
and dyslipidemia. The Examiner is also of the view that HMG-CoA reductase inhibitors are 
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effective against dyslipidemia and conditions thereof. The Examiner then concludes that by 
virtue of the mechanism of action of agents such as pravastatin, adiponectin is likely to increase 
in instances as a typical characteristic and property of HMG-CoA reductase inhibitor treatment. 

To assist the Examiner in further understanding the state of the art (the knowledge of the 
skilled person) and the relationship between adiponectin and HMG-CoA reductase inhibitors, 
applicants provide five publications: (1) Koh, K.K. et al., "Additive Beneficial Effects of 
Losartan Combined With Simvastatin in the Treatment of Hypercholesterolemic, Hypertensive 
Patients," Circulation 770:3687-92, 2004, attached as Exhibit A; (2) Forst, T., et al., "Effect of 
Simvastatin and/or Pioglitazone on Insulin Resistance, Insulin Secretion, Adiponectin, and 
Proinsulin Levels in Nondiabetic Patients at Cardiovascular Risk~the PIOSTAT Study," 
Metabolism 56:491-496, 2007, attached as Exhibit B; (3) Shetty, G.K. et al., "Circulating 
Adiponectin and Resistin Levels in Relation to Metabolic Factors, Inflammatory Markers, and 
Vascular Reactivity in Diabetic Patients and Subjects at Risk for Diabetes," Diabetes 
Care 70:2450-7, 2004, attached as Exhibit C; (4) Koh, K.K. et al, "Additive Beneficial Effects 
of Fenofibrate Combined with Atorvastatin in the Treatment of Combined Hyperlipidemia," 
Journal of the American College of Cardiology ¥5:1649-53, 2005, attached as Exhibit D; and 
(5) Sakamoto, K., et al., "The Effect of 6 Months of Treatment with Pravastatin on Serum 
Adiponectin Concentrations in Japanese Patients with Coronary Artery Disease and 
Hypercholesterolemia: A Pilot Study," Clinical Therapeutics 25(7): 101 2-1 021, July 7, 2006, 
attached as Exhibit E. 

The above references provide evidence that, as of the priority date of the present 
application, one of skill in the art would not expect statins to increase adiponectin levels in a 
warm-blooded animal. For example, The Koh (2004) publication shows that treatment of 
hypercholesterolemic, hypertensive patients with simvastatin did not significantly increase 
plasma levels of adiponectin or insulin sensitivity, whereas treatment with the angiotensin II 
type 1 receptor blocker losartan significantly increased both adiponectin levels and insulin 
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sensitivity, and the beneficial effects of losartan therapy on adiponectin levels and insulin 
sensitivity did not increase further in combination with simvastatin (pages 3690-91, Figures 4 
and 5). The Forst publication shows that treatment of patients with increased cardiovascular risk 
with simvastatin resulted in a significant reduction in plasma adiponectin levels (pages 493-494, 
Figure 1). The Shetty publication shows that treatment of patients with diabetes or at high risk 
for type 2 diabetes with atorvastatin did not significantly change serum adiponectin levels, 
indicating that atorvastatin had no specific effect on adiponectin levels (page 2453 and Table 5). 
The Koh (2005) publication shows that treatment of patients with combined hyperlipidemia with 
atorvastatin did not significantly increase plasma adiponectin levels or insulin resistance 
(page 1652, Table 3, Figure 4). The Sakamoto publication shows that treatment of patients with 
coronary artery disease with pravastatin increased serum adiponectin levels after 6 months of 
treatment. The Sakamoto publication was published after the filing date of the present 
U.S. application. 

As evidenced by these publications, all of which have a publication date later than the 
filing date of the international application that forms the basis of the pending U.S. application, 
the skilled person would not have a reasonable expectation that treatment of patients having 
dyslipidemia or diabetes with HMG-CoA reductase inhibitors would result in increased 
production of adiponectin. Therefore, the Examiner's conclusion that the mechanism of action of 
statins would necessarily lead to increases in adiponectin levels is not supported by the 
knowledge of one skilled in the art as of the filing date of the present application. Indeed, the 
weight of the evidence supports the novelty and non-obviousness of the claimed methods, 
because four out of five studies that measured adiponectin levels after treatment with various 
HMG-CoA reductase inhibitors found either no increase or a decrease in adiponectin levels. 

In the Final Office Action dated February 8, 2008, the Examiner stated that Ikeda 
provides the motivation to combine the compositions and methods of the Lohray reference with 
the compositions and methods of the Ikeda reference because the Ikeda reference teaches the 
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administration of pravasatin for various disease states and conditions, which makes the instant 
claimed methods obvious. As described in detail in the previous amendment, filed July 8, 2008, 
and entered on September 10, 2008, neither the Lohray nor Ikeda reference describes, teaches, or 
provides any motivation to arrive at a method for either increasing adiponectin production or 
treating hypoadiponectinemia. In addition to the remarks filed on July 8, 2008, which are hereby 
incorporated by reference, applicants submit that the Ikeda reference does not provide the alleged 
motivation to arrive at the claimed methods, for at least the following reasons. 

The experimental examples of the Ikeda reference disclose treatment of genetically obese 
and diabetic Wistar fatty rats with pioglitazone hydrochloride (an insulin sensitivity enhancer) in 
combination with an alpha-glucosidase inhibitor (voglibose) (Example 1), or pioglitazone 
hydrochloride in combination with an insulin secretion enhancer (glibenclamide) (Example 2), 
and the effects of the treatments on plasma glucose levels. However, as noted above, the Ikeda 
reference does not disclose that a insulin sensitivity enhancer, such as pioglitazone, in 
combination with a statin has any effect on adiponectin levels, or that pioglitazone in 
combination with a statin has any effect whatsoever on insulin sensitivity or any other parameter 
related to diabetes. Further, the Forst reference (submitted as Exhibit B) discloses that 
pioglitazone produced significant increases in plasma adiponectin levels, and significant 
improvements in insulin sensitivity as well as blood glucose and insulin profiles during the oral 
glucose tolerance test. In contrast, simvastatin produced a decrease in plasma adiponectin and no 
improvement in insulin resistance or glucose and insulin profiles during the oral glucose 
tolerance test. Pioglitazone in combination with simvastatin did not improve the results of using 
pioglitazone alone. 

The Koh (2005) reference (submitted as Exhibit D) discloses that treatment with 
fenofibrate, a PPAR-alpha agonist, resulted in both an increase in adiponectin levels and insulin 
sensitivity, whereas treatment with atorvastatin alone did not increase either adiponectin levels or 
insulin sensitivity. The combination of fenofibrate and atorvastatin did not result in significant 
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increases in adiponectin or insulin sensitivity over fenofibrate alone. Thus, both the Forst and 
Koh references teach that combinations of an insulin sensitivity enhancer with a statin are not 
effective in increasing adiponectin levels, which directly rebuts the teachings of the Ikeda 
reference, which states that "[t]he pharmaceutical composition of the present invention shows a 
marked synergistic effect compared with administration of either active component alone," and 
allows each component to be used at reduced dosages to reduce unwanted side effects 
(column 15, lines 23-41). In this case, the present methods provide the benefit of increasing 
adiponectin production without exposing the patient to additional compounds, such as those of 
the Lohray and Ikeda references, thereby eliminating the potential side effects of a second drug. 
Therefore, the present methods provide for the omission of additional drugs that are unnecessary 
for increasing adiponectin production. See MPEP 2144.04(II)(B) (the omission of an element 
with retention of the elements function is an indicia of nonobviousness). 

Further, the Forst and Koh (2004, 2005) references teach away from the assertion by the 
Examiner that the Ikeda reference provides motivation for arriving at the instant claimed 
methods, and provide evidence that one of skill in the art would not have a reasonable 
expectation of success in increasing adiponectin levels using a statin alone. Moreover, the 
Koh (2005) reference teaches that "[t]he effects of statins on insulin resistance are controversial" 
(page 1649, right hand column), providing evidence that the prior art was unpredictable 
regarding the role of statins in treatments for diabetes. 

In summary, it is submitted that a prima facie case for obviousness of the claimed 
methods has not been established, because the cited references do not teach or remotely suggest 
increasing adiponectin production by administering an HMG-CoA reductase inhibitor, the 
evidence provided above as Exhibits A-D indicates that the role of statins in diabetes were 
unpredictable as of the priority date of the present application, and further indicates that one of 
skill in the art would not have a reasonable expectation of success because the above references 
teach away from the claimed methods. 
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CONCLUSION 

In view of the above amendments and foregoing remarks, Claims 41, 43-48, 55-57 and 
59-62 are believed to be in condition for allowance. If any issues remain that may be 
expeditiously addressed in a telephone interview, the Examiner is encouraged to telephone 
applicants' attorney at 206.695.1755. 

Respectfully submitted, 

CHRISTENSEN O'CONNOR 
JOHNSON KINDNES S PLLC 

George E. Renzoni, Ph.D. 
Registration No. 37,919 
Direct Dial No. 206.695.1755 

GER/sjt 
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EXHIBIT A 



Additive Beneficial Effects of Losartan Combined With 
Simvastatin in the Treatment of Hypercholesterolemic, 
Hypertensive Patients 

Kwang Kon Koh, MD; Michael J. Quon, MD, PhD; Seung Hwan Han, MD; Wook-Jin Chung, MD; 
Jeong Yeal Ahn, MD; Yiel-Hea Seo, MD; Moon Ho Kang, MD; Tae Hoon Ahn, MD; 
In Suck Choi, MD; Eak Kyun Shin, MD 

Background — Biological mechanisms underlying statin and angiotensin II type 1 receptor blocker therapies differ. 
Therefore, we compared vascular and metabolic responses to these therapies either alone or in combination in 
hypercholesterolemic, hypertensive patients. 

Methods and Results — This was a randomized, double-blind, placebo-controlled crossover trial with 3 treatment arms 
(each 2 months) and 2 washout periods (each 2 months). Forty-seven hypertensive, hypercholesterolemic patients were 
given simvastatin 20 mg and placebo, simvastatin 20 mg and losartan 100 mg, or losartan 100 mg and placebo daily 
during each 2-month treatment period. Losartan alone or combined therapy significantly reduced blood pressure 
compared with simvastatin alone. Compared with losartan alone, simvastatin alone or combined therapy significantly 
changed lipoproteins. All 3 treatment arms significantly improved flow-mediated dilator response to hyperemia and 
decreased plasma malondialdehyde and monocyte chemoattractant protein- 1 levels relative to baseline measurements. 
However, these parameters were changed to a greater extent with combined therapy compared with simvastatin or 
losartan alone (both P<0.001 and P=0.030 for monocyte chemoattractant protein-1 by ANOVA). Combined therapy 
or losartan alone significantly increased plasma adiponectin levels and insulin sensitivity (determined by QUICKI) 
relative to baseline measurements. These changes were significantly greater than in the group treated with simvastatin 
alone (/><0.001 for adiponectin, P=0.029 for QUICKI by ANOVA). 

Conclusions — Simvastatin combined with losartan improves endothelial function and reduces inflammatory markers to a 
greater extent than monotherapy with either drug in hypercholesterolemic, hypertensive patients. {Circulation. 2004; 
110:3687-3692.) 

Key Words: angiotensin ■ endothelium ■ hypercholesterolemia ■ hypertension ■ insulin 



Hypercholesterolemia and hypertension are major public 
health problems that are frequently treated with statins 
and angiotensin II type 1 (ATI) receptor blockers, respec- 
tively. Although the mechanisms of action for these 2 classes 
of drugs differ, both classes have beneficial effects on the 
vasculature. Indeed, large-scale clinical studies have demon- 
strated that simvastatin, an HMG-CoA reductase inhibitor, 
and losartan, an ATI receptor blocker, prevent and retard the 
progression of coronary heart disease. 12 Hypertension and 
coronary heart disease are frequently associated with insulin 
resistance and disorders of metabolic homeostasis such as 
obesity and type II diabetes. The endothelial dysfunction 
associated with cardiovascular diseases may contribute to 
insulin resistance and the pathophysiology of diabetes and its 
vascular complications. 3 In fact, large-scale clinical studies 
have demonstrated that simvastatin and losartan reduce the 



onset of new diabetes.' 4 The mechanisms of this benefit may 
relate to the ability of these therapies to reduce insulin 
resistance. 5 Moreover, it is possible that simvastatin com- 
bined with losartan therapy may have additional vascular 
benefits that are greater than those observed for either drug 
alone. 

Statins reduce LDL cholesterol. In addition, they improve 
endothelial function via stimulation of nitric oxide (NO) 
synthase activity and mediate antioxidant effects that result in 
enhanced NO bioactivity. 6 - 7 ATI receptor blockers also 
improve endothelial function. 8 9 This may be due in part to 
diminished intracellular production of superoxide anions via 
reduced activity of angiotensin II-dependent oxidases. 10 
Inhibition of the production of superoxide anions may limit 
oxidation of LDL and contribute to increased NO bioactivity 
by limiting oxidative degradation of NO. 7 Thus, ATI receptor 
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TABLE 1. Baseline Characteristics of the Study Population 



Age, y 57+2 

Sex, M:F 20:27 

BMI, kg/m 2 25.2±0.5 
Risk factors, n (%) 

Current smoking 11(23) 
Medications, n (%) 

/3-Adrenergic blockers 10(21) 

Calcium channel blockers 6 (13) 



BMI indicates body mass index. Values are expressed as mean±SEM when 
appropriate. n=47. 

blockers may inhibit both LDL oxidation and 
atherosclerosis." 

The endothelial dysfunction associated with diabetes, obe- 
sity, metabolic syndrome, and other insulin-resistant states is 
characterized by impaired NO release from endothelium. 12 
Thus, improvement in endothelial function is predicted to 
enhance insulin sensitivity, and this may be a mechanism by 
which simvastatin and losartan decrease the incidence of 
new-onset diabetes. Adiponectin is one of a number of 
proteins secreted by adipose cells that may couple regulation 
of insulin sensitivity with energy metabolism and serve to 
link obesity with insulin resistance. 13 In humans, plasma 
levels of adiponectin are negatively correlated with adiposity, 
and decreased plasma adiponectin levels are observed in 
patients with diabetes and those with coronary artery dis- 
ease. 14 - 15 Thus, decreased levels of adiponectin may play a 
key role in the development of insulin resistance. In addition, 
adiponectin also possesses antiatherogenic properties. 16 - 17 

Because the impact of simvastatin and losartan therapies 
on NO bioactivity and its subsequent effects on oxidant 
stress, inflammation, endothelial function, and insulin resis- 
tance may differ, we hypothesized that combined therapy 
may have additive beneficial effects that are greater than 
those observed with either simvastatin or losartan therapy 
alone in hypercholesterolemic, hypertensive patients. 

Methods 
Study Population and Design 

Fifty hypercholesterolemic, hypertensive patients (LDL cholesterol 
levels a 100 mg/dL) participated in this study. We defined hyper- 
tension as systolic and diastolic blood pressure al40 or 
a90 mm Hg, respectively. We excluded patients with severe hyper- 
tension, unstable angina, or acute myocardial infarction. To mini- 
mize acute side effects to losartan, study medication was titrated 
from 50 to 100 mg upward over a 2- week period if no hypotension 
(systolic blood pressure <100 mm Hg) was noted. At the end of this 
time, participants were receiving either placebo or losartan 100 mg/d. 
Of 50 patients, 47 tolerated losartan 100 mg with regard to 
maintaining systolic blood pressure >100 mm Hg for 3 hours after 
drug administration and experienced no adverse effects from ther- 
apy. One patient was hypotensive, and the other 2 patients suffered 
from dry cough. Thus, a total of 47 patients' data were analyzed. The 
clinical characteristics of these patients are summarized in Table 1. 
Patients were randomly assigned to one of the 3 treatments: 
simvastatin 20 mg and placebo, simvastatin 20 mg and losartan 100 
mg, or losartan 100 mg and placebo daily during 2 months. This was 
a randomized, double-blind, placebo-controlled study with 3 treat- 
ment arms (each 2 months) and crossover with 2 washout periods 
(each 2 months). The patients were seen at 14-day intervals (or more 



frequently) during the study. Calcium channel or j3-adrenergic 
blockers were withheld for a48 hours before the study to avoid the 
effects of these drugs. The Gil Hospital Institute Review Board 
approved the study, and all participants gave written, informed 
consent. 

Laboratory Assays 

Blood samples for laboratory assays were obtained at approximately 
8 am after patients fasted overnight before and at the end of each 
2-month treatment period. These samples were immediately coded 
so that investigators performing laboratory assays were blinded to 
subject identity or study sequence. Assays for lipids, glucose, and 
plasma malondialdehyde (MDA), monocyte chemoattractant protein 
(MCP)-l, and adiponectin were performed in duplicate by ELISA 
(BIOXYTECH LPO-586, OwsResearch, and R&D Systems, Inc) 
and assays for high-sensitivity C-reactive protein (hsCRP) levels by 
latex agglutination [CRP-Latex(II), Denka-Seiken] as previously 
described. 7 - 81 8 Assays for plasma insulin levels were performed in 
duplicate by immunoradiometric assay (INSULI N-RI ABEAD II, 
Abbott Japan). The interassay and intra-assay coefficients of varia- 
tion were <6%. Quantitative Insulin-Sensitivity Check Index 
(QUICKI), a surrogate index of insulin sensitivity, was calculated as 
follows (insulin is expressed in /xWrnL and glucose in mg/dL): 
QUICKI=l/[log(insulin)+log(glucose)].' 9 

Vascular Studies 

Imaging studies of the right brachial artery were performed with an 
ATL HDI 3000 ultrasound machine (Bothell) equipped with a 
10-MHz linear-array transducer based on a previously published 
technique. 7 - 8 -' 8 20 Measurements were performed by 2 independent 
investigators (S.H.H. and W.-J.C.) blinded to the subject's identity 
and medication status. Measurements of maximum diameter and 
percent flow-mediated dilation were made in 10 studies selected at 
random. The interobserver and intraobserver variabilities for re- 
peated measurement of maximum diameter were 0.01 ±0.06 and 
0.008±0.05 mm, respectively. The interobserver and intraobserver 
variabilities for repeated measurement of percent flow-mediated 
dilation were 0.12+1.31% and 0.10+1.29%, respectively. 

Statistical Analysis 

Data are expressed as mean+ SEM or median (25% to 75% range). 
After testing data for normality, we used Student's paired / or 
Wilcoxon signed-rank test to compare values before and after each 
treatment and the relative changes in values in response to treatment, 
as reported in Tables 2 and 3. The effects of the 3 therapies on 
vascular function, markers of oxidant stress and inflammation, and 
insulin sensitivity relative to baseline values were analyzed by 1-way 
repeated-measures ANOVA or Friedman's repeated ANOVA on 
ranks. After demonstration of significant differences among thera- 
pies by ANOVA, post hoc comparisons between treatment pairs 
were made by use of the Student-Newman-Keuls multiple compar- 
ison procedures. Pearson's correlation coefficient analysis was used 
to assess associations between measured parameters. We calculated 
that 30 subjects would provide 80% power for detecting a difference 
of absolute increase, >2.1% flow-mediated dilation of the brachial 
artery between baseline and simvastatin, with a=0.05 based on our 
previous studies. 7 - 20 The comparison of endothelium-dependent di- 
lation among the 3 treatment schemes was prospectively designated 
as the primary end point of the study. All other comparisons were 
considered secondary. A value of P<0.05 was considered statisti- 
cally significant. 

Results 

When baseline values before each treatment period were 
compared among the 3 treatment arms, no significant differ- 
ences were noted in any of the parameters measured (Tables 
2 and 3). To rule out the possibility of a carryover effect from 
one treatment period to the next, we compared baseline 
values before the first treatment period to those before the 
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TABLE 2. Effects of Simvastatin, Combined Therapy, and Losartan on Lipid Levels and Endothelial Function in H 



Heart rate, bpm 70±2 70+2 73±2 75±2 75+2 77± 2 0.206 

Systolic BP, mm Hg 145+2 142±2 147±3 133±3* 145±2 128+2* <0.001 <0.05 <0.05 NS 

Diastolic BP, mm Hg 90±1 87+ 2 91±1 83±2* 89+1 79±2* <0.001 <0.05 <0.05 NS 

Lipids, mg/dL 

Total cholesterol 247 + 5 173+ 4* 242+4 172+4* 238+5 235+4 <0.001 NS <0.05 <0.05 

Triglycerides 172+12 145+10* 179±13 140±11t 186+16 167+13 0.556 

LDL cholesterol 160+5 93+4* 154+5 93±4* 149+5 152±4 <0.001 NS <0.05 <0.05 

ApoB 133+3 90+3* 129*3 91 ±2* 128+2 125±2 <0.001 NS <0.05 <0.05 

HDL Cholesterol 53±2 50±2 51+2 52±2 52±2 52±2 0.093 

ApoA-l 161+3 163+3 158±3 166+4* 157+3 158+3 0.020 <0.05 NS <0.05 
Vasomotor, % 

Flow-mediated dilation, % 4.88±0.15 6.54±0.12* 4.79+0.14 7.88±0.16* 4.75 +0.12 6.19±0.19* <0.001 <0.05 NS <0.05 

NTG dilation, % 14.07+0.42 14.50±0.49 14.00+0.48 14.67±0.60 14.12+0.51 14.16+0.64 0.575 

MDA, ftmol/L 0.98±0.05 0.87+0.05* 0.93±0.05 0.70+0.06* 0.98 +0.05 0.93±0.05* <0.001 <0.05 NS <0.05 

CRP 0.85 0.80 0.85 0.65 0.85 0.80 0.146 

(0.3O-2.70) (0.40-1.40)* (0.50-2.00) (0.30-1.30)* (0.50-2.30) (0.40-1.50)* 

MCP-1 190+8 170±6* 198±6 166+6* 192+9 178±8* 0.030 <0.05 NS <0.05 

S indicates simvastatin; C, combined therapy; L, losartan; BP, blood pressure; Apo, apolipoprotein; and NTG, nitroglycerin. Data are expressed as mean±SEM or 

median (25th to 75th percentiles). There were no significant differences among each baseline value. 
*P<0.05, tP<0.01, *P<0.001 vs each baseline value. 



second and third treatment periods. There were no significant 
differences in any of the measured parameters in this analysis. 

Effects of Therapies on Blood Pressure and Lipids 

Losartan alone or combined therapy significantly reduced sys- 
tolic and diastolic blood pressures after 2 months of administra- 
tion compared with baseline. These reductions were signifi- 
cantly greater than that observed with simvastatin alone 
(P<0.O01 by ANOVA). Simvastatin alone or combined therapy 
significantly lowered total cholesterol (both P<0.001), LDL 
cholesterol (both P<0.001), and apolipoprotein B levels (both 
P<0.001) compared with baseline. These reductions were sig- 
nificantly greater than those observed with losartan alone 
(P<0.001 by ANOVA). However, there were no significant 
differences between simvastatin alone and combined therapy for 
these parameters (Table 2). 

Effects of Therapies on Vasomotor Function 
and MDA 

Simvastatin, combined therapy, and losartan significantly 
improved the percent flow-mediated dilator response to 



hyperemia relative to baseline measurements by 38 ±4%, 
68±4%, and 31 ±3%, respectively (all P<0.001); however, 
combined therapy significantly improved this response more 
than simvastatin or losartan alone (P<0.001 by ANOVA; 
Figure 1 and Table 2). The brachial artery dilator response to 
nitroglycerin was similar for all therapies and was not 
significantly changed from baseline values. Simvastatin, 
combined therapy, and losartan significantly decreased the 
plasma MDA levels relative to baseline measurements by 
11 ±3% (P<0.001), 23±4% (P<0.001), and 5±3% 
(P= 0.040), respectively; however, combined therapy signif- 
icantly reduced MDA levels more than simvastatin or losar- 
tan alone (P<0.001 by ANOVA; Figure 2 and Table 2). 

Effects of Therapies on Markers of Inflammation 

Simvastatin, combined therapy, and losartan significantly 
decreased plasma MCP-1 levels relative to baseline measure- 
ments by 7±3% (P=0.003), 15±3% (P<0.001), and 5±4% 
(P=0.048), respectively, however, combined therapy signif- 
icantly decreased MCP-1 levels more than simvastatin or 



TABLE 3. Effects of Simvastatin, Combined Therapy, and Losartan on Adiponectin Levels and Insulin Resistance in 
Hypercholesterolemic, Hypertensive Patients 

Simvastatin Simvastatin + Losartan Losartan P 

Variables Baseline 1 Treatment Baseline 2 Treatment Baseline 3 Treatment ANOVA S/C S/L C/L 

ADP, ng/mL 4.5(3.4-7.0) 4.5(2.9-6.0) 4.6(3.3-6.4) 5.0(4.0-7.3)* 4.2(3.5-6.2) 5.3 (3.8-6.8)t <0.001 <0.05 <0.05 NS 

Insulin, ,iU/mL 2.67±0.29 3.06±0.38 2.56±0.26 2.40±0.28 2.79+0.26 2.49±0.28 0.041 0.064 <0.05 NS 

Glucose, mg/dL 82±2 83+2 82± 2 79±2 83+2 80±2 0.348 

QUICKI 0.475 + 0.016 0.458±0.013 0.467+0.012 0.497±0,114* 0.456± 0.012 0.483+ 0,015* 0.029 0.054 <0.05 NS 

S indicates simvastatin; C, combined therapy; L, losartan; and ADP, adiponectin. Data are expressed as mean+SEM or median (25th to 75th percentiles). There 
were no significant differences among each baseline value. 
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Figure 1. Percent change in flow-mediated dilation from pre- 
treatment values after treatment with simvastatin alone, com- 
bined therapy, and losartan alone (P<0.001 by ANOVA). Bars 
indicates SEM. 

losartan alone (P=0.030 by ANOVA; Figure 3 and Table 2). 
Simvastatin, combined therapy, and losartan significantly 
lowered plasma hsCRP levels relative to baseline measure- 
ments from 0.85 to 0.80 mg/L (P=0.042), 0.85 to 0.65 mg/L 
(P=0.002), and 0.85 to 0.80 mg/L (/ > =0.042), respectively; 
however, the magnitude of reduction among these 3 therapies 
was not statistically significant (P=0.146 by ANOVA). 



Effects of Therapies on Adiponectin and 
Insulin Resistance 

There were significant inverse correlations between body 
mass index and baseline plasma adiponectin levels 
(r= -0.332, P=0.023 before simvastatin; r= -0.328, 
P= 0.024 before combined therapy; r= -0.292, P= 0.046 
before losartan). There were significant inverse correlations 
between baseline adiponectin levels and baseline triglyceride 
levels (r= -0.351, P=0.016 before simvastatin; r= -0.325, 
P=0.026 before combined therapy; r= -0.342, P=0.019 
before losartan). There were significant correlations between 
baseline adiponectin levels and baseline HDL cholesterol 
levels 0=0.401, P=0.005 before simvastatin; r=0.399, 
P=0.006 before combined therapy; r=0.303, P=0.039 be- 
fore losartan). Combined therapy and losartan alone signifi- 
cantly increased the plasma adiponectin levels relative to 
baseline measurements from 4.63 to 5.02 (P<0.001) and 4.19 



Figure 3. Percent change in MCP-1 levels from pretreatment 
values after treatment with simvastatin alone, combined therapy, 
and losartan alone (P=0.030 by ANOVA). Bars identify SEM. 



to 5.27 (P=0.002), respectively. These increases were signif- 
icantly greater than those observed with simvastatin alone 
(P<0.001 by ANOVA; Figure 4 and Table 3). The 3 
therapies did not have significantly different baseline insulin 
and glucose levels. However, the magnitude of reduction of 
insulin with combined therapy or losartan alone was signifi- 
cantly greater than with simvastatin alone (P=0.041 by 
ANOVA; Table 3). Combined therapy or losartan alone 
significantly increased QUICKI relative to baseline measure- 
ments by 7±3% (P=0.032) and 7±3% (P=0.042), respec- 
tively. These increases were significantly greater than those 
observed with simvastatin alone (P= 0.029 by ANOVA; 
Figure 5 and Table 3). There were correlations between 
percent changes in adiponectin levels and percent changes in 
QUICKI (r=0.245, P=0.097 after simvastatin; r=0.316, 
P=0.030 after combined therapy; r=0.433, P=0.002 after 
losartan). There were inverse correlations between percent 
changes in adiponectin levels and percent changes in insulin 
(r=-0.171, P=0.251 after simvastatin; r=-0.352, P=0.015 
after combined therapy; r= -0.367, P=0.011 after losartan). 

We investigated whether losartan-induced changes in the 
percent flow-mediated dilator response to hyperemia, sero- 
logical markers of oxidant stress and inflammation, and 
insulin resistance were mediated by a reduction in systolic or 



.p<o.o ?1 

n 



P<0.05 P<0.05 



Figure 2. Percent change in MDA levels from pretreatment val- 
ues after treatment with simvastatin alone, combined therapy, 
and losartan alone (P<0.001 by ANOVA). Bars identify SEM. 



Figure 4. Percent change in adiponectin levels from pretreat- 
ment values after treatment with simvastatin alone, combined 
therapy, and losartan alone (P<0.001 by ANOVA). Bars iden- 
tify SEM. 
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Figure 5. Percent change in QUICKI from pretreatment values 
after treatment with simvastatin alone, combined therapy, and 
losartan alone (P=0.029 by ANOVA). Bars identify SEM. 

diastolic blood pressure. There were no significant correla- 
tions between these changes and reduction of systolic blood 
pressure (-0.134=s/-<0.077) or between these changes and 
reduction of diastolic blood pressure (-0.295<r<0.172). 
After combined therapy, improvement in flow-mediated di- 
lation correlated with changes in MDA levels (r=— 0.422 and 
P=0.003), MCP-1 levels (r=0.189 and P=0.204), hsCRP 
levels (r= -0.137 and P=0.357), adiponectin levels 
(r=0.420 and P=0.003), QUICKI (r=0.258 and P=0.080), 
and insulin levels (r= -0.251 and P=0.089). 

Discussion 

In our hypercholesterolemic, hypertensive cohort, simvastatin 
therapy alone significantly improved the lipid profile, 
whereas losartan therapy alone significantly lowered blood 
pressure as expected. Comparable beneficial effects on both 
lipids and blood pressure were observed with combination 
therapy. We reasoned that distinct biological actions of 
simvastatin and losartan therapies on lipoproteins and the 
angiotensin system may improve endothelium-dependent 
vascular function by different mechanisms. Indeed, although 
monotherapy with simvastatin or losartan significantly im- 
proved endothelial function and inflammatory markers (as- 
sessed by flow-mediated dilation, MDA levels, CRP levels, 
and MCP-1 levels), combined therapy had additional substan- 
tial and significant beneficial effects on these parameters over 
those seen with monotherapy for either drug, which may 
explain the observations of a recent clinical trial. 21 

The additional beneficial effects of combined simvastatin/ 
losartan therapy may be the result of several interacting 
mechanisms. For example, angiotensin II is very potent 
endogenous vasoconstrictor, whereas LDL induces upregula- 
tion of the ATI receptor. 22 Indeed, hypercholesterolemic 
rabbits display enhanced vascular expression of ATI recep- 
tors that mediate increased activity of angiotensin II. 23 Fur- 
thermore, the effect of statins to reverse the elevated blood 
pressure response to angiotensin II infusion is accompanied 
by downregulated ATI receptor density. 24 - 25 Angiotensin II 
promotes superoxide anion generation and endothelial dys- 
function. 8 ' 26 CRP upregulates ATI receptors in vascular 
smooth muscle cells, and these effects are attenuated by 
losartan. 27 The additive beneficial effects of combined ther- 



apy in the present study are consistent with experimental and 
clinical studies. 21 ' 28 

Losartan therapy alone resulted in significant elevation of 
adiponectin levels, decreased insulin levels, and increased 
insulin sensitivity (assessed by QUICKI). The present study 
is the first report demonstrating that losartan therapy can 
increase adiponectin levels. Adiponectin is an adipose- 
derived factor that augments and mimics metabolic actions of 
insulin. Increasing adiponectin levels would be predicted to 
improve both insulin sensitivity and endothelial function by 
multiple mechanisms. Regulation of metabolic homeostasis 
and hemodynamic homeostasis may be coupled by vascular 
actions of insulin to stimulate production of NO. 16 Thus, 
improvements in endothelial function may increase insulin 
sensitivity, whereas increased insulin sensitivity may improve 
endothelial function. 12 Interestingly, in contrast to the effects 
of combination therapy on flow-mediated dilation, MDA, 
CRP, and MCP-1 , the beneficial effects of losartan therapy on 
adiponectin levels, insulin levels, and insulin sensitivity did 
not increase further with combination therapy. This finding 
suggests that improving endothelial function per se (as 
reflected by flow-mediated dilation) may not completely 
explain the effects of losartan or combined therapy to 
improve insulin sensitivity. In other words, there may be 
additional mechanisms for losartan or combined therapy to 
improve insulin sensitivity that are independent of endothelial 
function, eg, direct effects of losartan on glucose insulin- 
stimulated glucose uptake or promotion of adipogenic differ- 
entiation of preadipocytes 29 or induction of peroxisome pro- 
liferator-activated receptor-y activity promoting 
differentiation in adipocytes. 30 Effects of losartan or com- 
bined therapy to increase adiponectin levels may in part 
mediate improved insulin sensitivity, which is supported by 
the significant correlation shown in the present study. On the 
other hand, combined therapy may reduce insulin resistance 
by multiple mechanisms such as lipoprotein changes and 
reduced oxidant stress that also contribute to NO bioavail- 
ability. The effects of losartan or combined therapy on 
flow-mediated dilation, oxidant stress and inflammation 
markers, and insulin resistance were independent of blood 
pressure changes and consistent with recent randomized 
clinical trials. 2 ' 31 Likewise, several studies suggest a hypoth- 
esis that the effects of ATI receptor blockers to improve 
endothelial function are due to other factors in addition to a 
reduction in blood pressure. 32 - 33 

Metabolic syndrome is associated with atherosclerotic 
disease. Patients with metabolic syndrome make up one of the 
largest groups of individuals with both hyperlipidemia and 
hypertension. Obesity is one of the most common causes of 
cardiovascular disease. In the present study, more than half of 
the subjects were overweight. We observed that plasma levels 
of adiponectin were significantly inversely correlated with 
body mass index. We also observed significant correlations 
between baseline adiponectin levels and baseline HDL cho- 
lesterol or triglyceride levels. Thus, our study may have 
implications for the treatment of patients with metabolic 
syndrome. 

In summary, our study suggests that combination therapy 
with simvastatin and losartan has beneficial additive effects 
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on endothelial function and inflammatory markers. This may 
be due to combined effects of the respective monotherapies to 
improve lipid profile, blood pressure, adiponectin levels, and 
insulin sensitivity. The additive beneficial effects of com- 
bined therapy are predicted to reduce cardiovascular events in 
hypercholesterolemic, hypertensive patients more than mono- 
therapy with either drug alone. 
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Abstract 

We investigated the effect of pioglitazone in comparison with and in combination with simvastatin on insulin resistance, plasma 
adiponectin, postprandial plasma glucose, insulin, and intact proinsulin levels in a nondiabetic population at cardiovascular risk. One hundred 
twenty-five nondiabetic patients at cardiovascular risk were randomized to pioglitazone (PIO), pioglitazone and simvastatin (PIO/SIM), or 
simvastatin (SIM) treatments. Blood samples were taken for the measurement of adiponectin and lipid levels. In addition, an oral glucose 
load with the measurements of glucose, insulin, and intact proinsulin levels was performed. Adiponectin levels increased from 14.0 ± 8.2 to 
27.6 ± 14.5 [ig/mL (P < .0001) during PIO treatment and from 11.7 + 10.0 to 26.7 ± 15.7 //g/mL {P < .0001) during PIO/SIM treatment. 
A decrease in adiponectin levels from 15.5 ± 12.7 to 11.6 ± 7.0 /ig/mL (P < .05) was observed during SIM treatment. Although fasting 
intact proinsulin levels remained unchanged, the increase in postprandial intact proinsulin levels could be reduced from 29.5 ± 21 .4 to 22. 1 ± 
17.5 pmol/L (P < .01) during PIO treatment and from 24.3 ± 27.4 to 21.1 ± 16.5 mmol/L (/> < .05) during PIO/SIM treatment. Lipid 
parameters improved during SIM treatment but not during PIO treatment. Combined treatment with PIO/SIM was superior in improving 
overall cardiovascular risk profile than every single drug. 
© 2007 Elsevier Inc. All rights reserved. 



1. Introduction 

Several studies have shown a significant impact on 
glucose metabolism and insulin resistance or coronary heart 
disease even in patients without diabetes [1-7]. Two 
laboratory parameters, adiponectin and intact proinsulin, 
have received increasing attention for the characterization of 
insulin resistance, beta-cell function, and cardiovascular risk 
[8-11]. Increased intact proinsulin levels and reduced 
adiponectin plasma levels were shown to be highly 
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predictive for cardiovascular disease and type 2 diabetes 
mellitus [12-15]. 

Recently, new drugs for intervention of insulin resistance, 
the peroxisome proliferator-activated receptors (PPARs), 
were introduced in the treatment of patients with type 2 
diabetes mellitus. Beyond their effects on insulin resistance 
and glucose metabolism, peroxisome proliferator-activated 
receptor y (PPARy) agonists were shown to interact with 
several cardiovascular risk factors such as dyslipidemia, 
intact proinsulin, or adiponectin levels in patients with 
diabetes and to reduce the risk for myocardial infarction 
and stroke [16-1 8]. On the other hand, the most common and 
clinically applied drug intervention in the treatment of 
patients with increased cardiovascular risk with or without 
diabetes is the inhibition of 3-hydroxy-3-methylglutaryl 
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coenzyme A reductase by statins (3-hydroxy-3-methylglu- 
taryl coenzyme A inhibitors) [19,20]. 

Up to now, no information is available about the clinical 
effects of PPARy stimulation in comparison with or in com- 
bination with statins on the previously described metabolic 
predictors of cardiovascular risk in nondiabetic patients. The 
aim of this investigation was to evaluate the effects of 
pioglitazone in comparison with simvastatin on adiponectin, 
proinsulin, and postload glucose metabolism in nondiabetic 
patients with increased risk for cardiovascular disease. 

2. Patients and methods 

This study was a 2-center, prospective, double-blinded, 
double-dummy, 3-arm parallel trial evaluating the effects of 
pioglitazone in comparison with and in combination with 
simvastatin on insulin resistance and adiponectin plasma 
levels, as well as on fasting and postload glucose, insulin, 
and proinsulin levels in nondiabetic patients with elevated 
cardiovascular risk. The study was performed according to 
the Declaration of Helsinki and Good Clinical Practice; it 
was approved by the local ethical review board. 
2.1. Patients 

One hundred thirty-five patients with increased cardio- 
vascular risk, as defined by previous medical history of 
infarction, and/or coronary angiography with proven cardio- 
vascular disease, and/or unstable angina pectoris, and/or 
duplex sonography of cervical or leg vessels with proven 
arteriosclerotic alterations, and/or electrocardiogram with 
ischemia, and/or stroke, and/or transient ischemic attack, 
and/or peripheral arterial occlusion, and/or vessel surgery, 
and/or hypertension were selected for the study. Patients with 
previous statin treatment and/or PPARy -activator treatment 
within the last 4 weeks before entering the trial were excluded. 
All patients provided their written informed consent. Accord- 
ing to the inclusion criteria, 135 patients were randomized, 
132 patients received at least 1 medication, and 125 patients 
were followed up for at least 1 follow-up investigation and 
were available for the efficacy analysis. In a double-blinded, 
double-dummy technique, patients were randomly assigned 
to 1 of 3 treatment groups: pioglitazone in combination with 
placebo, pioglitazone in combination with simvastatin, or 
simvastatin in combination with placebo. Treatment with 
study medication was started with 30 mg pioglitazone and/or 
20 mg simvastatin, and after 2 weeks, the dosage was 
increased to 45 mg pioglitazone and/or 40 mg simvastatin. 
The clinical characteristics and previous treatment of the 
study participants in the different treatment groups are given 
in Table 1 . Even if slightly more patients in the combined 
pioglitazone and simvastatin group received /^-blockers, 
no statistically significant difference in any of these param- 
eters were evident among the groups. All concomitant 
medication was kept constant for the observational period. 

At baseline and after 3 months of study treatment, blood 
was taken for the measurement of glucose, insulin, intact 



Clinical characteristics of the investigated groups 



Pioglitazone Simvastatin Simvastatin and 
(n = 39) (n = 43) pioglitazone (n = 



Age (y) 59.5 ± 7.8 57.3 ± 8.4 59.0 ± 

Body mass index (kg/m 2 ) 30.8 + 4.8 30.5 + 3.7 31.2 + 
Male/female 13/26 16/27 18/25 

Hypertension 92.3 90.7 90.7 

RAS inhibition therapy 59.0 48.8 62.8 

0-Blocking therapy 30.8 34.9 46.5 

Calcium channel blockers 17.9 23.3 16.3 

Diuretics IZS 14.0 18.6 

Values are expressed as percentages or mean ± SD; ti 
significant differences among the groups. RAS indicates ren 
system inhibition, angiotensin-converting enzyme inhibitors, or angiotensin 
receptor blockers. 

proinsulin, adiponectin, and lipid parameters. Insulin resis- 
tance was calculated using the homeostasis model assessment 
HOMA score (fasting serum insulin |>U/mL] x fasting 
plasma glucose [mmol/L]/22.5). Patients with a calculated 
HOMA score of 2 or higher (>75th percentile) were 
considered to be insulin resistant [21]. All measurements 
were obtained in the morning with patients fasting from 
midnight onward. Patients were asked to refrain from having 
coffee and tea for at least 8 hours before each study visit. 

In addition, at baseline and after 3 months of treatment, 
all patients received a standardized oral glucose tolerance 
test (75 mg glucose in 300 mL solution, Dextro OGT, 
Hoffmann La Roche, Grenzach, Germany). At baseline and 
after 30, 60, 90, and 120 minutes, blood was taken for the 
measurement of insulin and blood glucose concentrations. 
In addition, intact proinsulin plasma levels were measured at 
baseline and after 30 and 120 minutes. 

Blood pressure was measured with the patient in a seated 
position for at least 5 minutes with an appropriate cuff on 
the left arm. Patient height was measured at the first visit, 
and patient weight and waist-to-hip ratio were determined at 
baseline and at the end of the study. 

2.2. Biochemical parameters 

All laboratory measurements for both study sites were 
analyzed in a central laboratory. Specific insulin levels were 
measured using an enzyme-linked immunosorbent assay 
technique (Anthos Mikrosysteme, Krefeld, Germany). Plas- 
ma glucose was measured with the glucokinase-dehydroge- 
nase method, cholesterol with the cholesterol oxidase phenol 
4 aminoantipyrine peroxidase method, high-density lipopro- 
tein (HDL) cholesterol with the precipitation method, and 
triglycerides with the glycerolphosphate oxidase phenol 4 
aminoantipyrine peroxidase method (DiaSys, Holzheim, 
Germany). Adiponectin and intact proinsulin (Linco Res, 
St Charles, MO) concentrations were measured using 
specific immunoassays. 

2.3. Statistical analysis 

Data are presented as arithmetic mean ± SD for 
continuous variables and as the number/proportion of 
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Table 2 

Laboratory parameters and blood pressure at baseline and end point for 



the different treatment groups (values are expressed as arithmetic mean ± SD) 



Pioglitazone and simvastatin 
Baseline 12 wk 



Glucose (mmol/L) 
Insulin (mU/mL) 
HOMA (mU • mol/mL 2 ) 
Adiponectin (/ig/mL) 
Total cholesterol (mmol/L) 
HDL cholesterol (mmol/L) 
LDL cholesterol (mmol/L) 
Triglycerides (mmol/L) 
ASAT O*mol/L) 
ALAT (/imol/L) 
RR syst (mm Hg) 
RR diast (mm Hg) 



5.60 ± 0.99 
1.41 + 0.41 
3.50 ± 0.94 
1.50 ± 0.73 
0.43 + 0.12 
0.43 + 0.23 
145 + 15 
89 + 10 



t 0.97*' f 
t 14.49*- 1 
t 1.17 u 
t 0.42 
t 1.04 w 
t 0.64* 



3.60 + 
1.63 ± 
0.44 ± 



12.66 
1.10 
0.41 
1.01 



139 + 17* 
85 ± 12* 



5.56 ± 0.55 f 
14.7± 6.5 , § 
3.63 ± 1.60 ! - s 
11.59 ± 7.03* lt ' 5 
4.44 ± 0.96*' 
1.52 + 0.42* 
2.32 ± 0.88*' 1 
1.36 ± 1.16 
0.44 + 0.14 
0.46 + 0.20 
140 + 13 
88 ± 10 s 



5.70 + 0.66 
14.8 ± 7.1 
3.70 ± 1.98 
11.68 ± 9.96 

5.67 ± 1.26 

1.44 ± 0.45 

3.68 + 1.10 

1.45 ± 0.59 
0.46 + 0.12 
0.46 ± 0.22 

145 + 20 
87 + 9 



5.50 + 
11.5 ± 
2.81 ± 
26.67 + 
4.43 ± 
1.53 + 
2.40 ± 
1.13 ± 
0.43 + 
0.39 + 
136 + 



).70*< 
45 *.§ 

1.15*' s 
15.73*-* 
0.95*' 1 
0.45* 



LDL indicates low-density lipoprotein; ASAT, aspartate aminotransferase; , 
diastolic blood pressure. 

* P < .05 vs baseline (paired t test). 

' P < .05, pioglitazone vs simvastatin. 

* P < .05, pioglitazone vs simvastatin and pioglitazone. 
s simvastatin and pioglitazone (2-sample t tests). 



patients with a characteristic for categorical variables. The 
analysis of safety is based on the intention-to-treat 
population, which consists of all patients who received at 
least 1 dose of medication. For efficacy analysis, all patients 
who underwent baseline assessment and at least 1 exami- 
nation thereafter were included. All analyses were per- 
formed in an exploratory sense, and a P value of less than 
.05 was considered clinically significant. 

Treatment groups were compared at baseline by using the 
Student t test for continuous variables and the y 2 test for 
categorical variables. Changes from baseline for distinct 
cardiovascular risk parameters were evaluated using Student 
t tests. Within-group comparisons were analyzed by paired 
t tests, and between-group comparisons were analyzed by 
2-sample t tests. The change from baseline was defined as 
the absolute change from baseline (actual value minus 
baseline value) and as the relative change from baseline 
(actual value minus baseline divided by baseline). Correla- 
tion was assessed by using the Spearman rank-order 
correlation coefficient. Statistical analysis was performed 
using SAS version 8.2 (SAS Institute, Cary, NC). 



', alanin aminotransferase; RR syst, systolic blood pressure; RR diast, 



resulted in a reduction of fasting insulin and glucose levels. 
Fasting insulin levels decreased significantly during piogli- 
tazone treatment by -13% ± 28% and during combined 
treatment by -16% ± 26%. The HOMA-S score declined 
by 19% ± 28% during pioglitazone monotherapy and by 
17% ± 29% in the combined-treatment group. No 
significant change in these parameters could be observed 
with single simvastatin treatment. The improvement in 
insulin sensitivity was found to correlate with the reduction 
in fasting glucose levels (r = 0.52, P < .0001) and with the 
improvement in blood glucose levels 2 hours after the oral 
glucose load (r = 0.26, P = .0045). 

As shown in Fig. 1, adiponectin levels increased by 
127% ± 105% during pioglitazone monotherapy and by 
166% ± 94% during treatment with pioglitazone in 



At baseline, mean fasting blood glucose of the entire study 
group was 5.64 ± 0.61 mmol/L. According to the oral 
glucose tolerance test, 16.8% of the patients were found to 
have an impaired glucose tolerance, and 86.4% of the patients 
had an impaired insulin sensitivity as defined by a HOMA 
score of greater than 2. Adiponectin levels at baseline were 
13.7 ± 10.5 /ig/mL, and an inverse correlation could be 
obtained between adiponectin plasma levels and insulin 
resistance (HOMA score: r = -0.55, P < .0001). 

As shown in Table 2, treatment with pioglitazone and the 
combined treatment with pioglitazone and simvastatin 



baseline 3 month; 
Pioglitazone 



Fig. I. Adiponectin plasma levels at baseline and after 12 weeks of 
treatment with pioglitazone, pioglitazone and simvastatin, 01 
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combination with simvastatin. Surprisingly, treatment with 
simvastatin alone resulted in a small but significant 
reduction in adiponectin levels by 12% ± 30%. An inverse 
correlation was obtained between the improvement in 
HOMA-S score and the change in adiponectin plasma 
levels (r = -0.32, P = .0004). After 3 months of treatment, 
adiponectin levels were significantly higher in both piogli- 
tazone-treated groups compared with the simvastatin group. 

Pioglitazone treatment and the combined treatment were 
found to significantly improve glucose and insulin profile 
during the oral glucose tolerance test, whereas no significant 
effect could be observed during simvastatin monotherapy. 
As illustrated in Fig. 2A to C, fasting intact proinsulin levels 
were found in the upper normal limit. After the glucose 
load, a pronounced increase in intact proinsulin levels could 
be observed in all treatment groups. Although no significant 
change in fasting intact proinsulin levels could be observed 
in any treatment group, pioglitazone and the combination of 
pioglitazone with simvastatin significantly reduced the 
increase in postprandial intact proinsulin levels. 

As shown in Table 2, single treatment with simvastatin 
and the combined treatment with simvastatin and pioglita- 
zone resulted in a significant improvement in total 
cholesterol, HDL, and low-density lipoprotein levels. 

A significant decrease in systolic and diastolic blood 
pressures could be observed in pioglitazone-treated patients 
and in the group receiving both study drugs, whereas only a 
nonsignificant decrease in blood pressure could be observed 
with single simvastatin treatment. 

3.1. Safety and tolerability 

All 3 kinds of treatment were generally well tolerated. 
There was no significant difference in the number of adverse 
events among the study groups. Treatment with pioglitazone 
was associated with a higher number of peripheral edema in 



the pioglitazone monotherapy (1 1.4%) and in the combined- 
treatment group (22.2%) compared with the simvastatin 
monotherapy group (7.0%). There was 1 serious adverse 
event in the pioglitazone monotherapy group, where a 
patient needed to be hospitalized because of nephrolithiasis. 

As shown in Table 2, no adverse effect could be found on 
liver function in any of the observed groups. 

Body weight increased significantly in the pioglitazone- 
treated (1.8 ± 3.6 kg, P = .003) and the combination- 
treated patients (1.2 ± 2.2 kg, P < .001). No significant 
changes could be observed in the waist-to-hip ratio. 

4. Discussion 

In our study, 16.8% of nondiabetic patients with 
increased cardiovascular risk were found with impaired 
glucose tolerance, and 86.4% of the patients were identified 
with an impaired insulin sensitivity according to a HOMA-S 
score of higher than 2. None of the included patients had 
diabetes according to the definition of the American 
Diabetes Association. 

Consistent with previous studies showing a strong effect 
of pioglitazone treatment on adiponectin plasma levels in 
diabetic patients [22,23], our study revealed a striking 
improvement in adiponectin levels also in nondiabetic 
patients at cardiovascular risk. Besides increasing adipo- 
nectin levels, PPARa and PPARy stimulations were shown 
to increase the expression of adiponectin receptors in 
macrophages and might therefore evolve substantial thera- 
peutic effects in the development and progression of 
arteriosclerosis [24]. Treatment with pioglitazone or the 
combined treatment with pioglitazone and simvastatin for 
3 months resulted in a 127% and 166% increase in 
adiponectin plasma levels, respectively. In contrast to the 
results obtained by Chu et al [25] in patients with type 2 
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diabetes mellitus, in our study, single treatment with 
simvastatin slightly, but significantly, reduced adiponectin 
plasma levels. The reason for this discrepancy might be 
caused by the different patient populations investigated in 
the 2 studies (diabetic vs nondiabetic patients). 

In our study, treatment with pioglitazone and the 
combination of pioglitazone with simvastatin significantly 
improved the time course of glucose and insulin levels after 
an oral glucose load. 

Intact proinsulin plasma concentrations were found to be 
elevated in obese patients and in patients with insulin 
resistance and were shown to be a strong predictor for type 
2 diabetes mellitus and cardiovascular disease [8,26-28]. In 
addition, an association between increased proinsulin levels 
and a sympathoadrenal imbalance of the autonomic nervous 
system is described for diabetic and nondiabetic subjects 
[29]. Heretofore, nothing is known about the release of intact 
proinsulin in the postprandial state in nondiabetic patients at 
increased cardiovascular risk. In contrast to the only 
moderately elevated intact proinsulin levels at baseline, a 
remarkable increase in intact proinsulin levels could be 
observed after the oral glucose load. Treatment with the 
PPARy agonist pioglitazone in patients with type 2 diabetes 
mellitus were shown to significantly reduce intact proinsulin 
levels [30], which was found to be associated with an 
improvement in other cardiovascular risk markers such as 
intima-media thickness of the carotid artery [31]. In our 
recent study, treatment with pioglitazone and the combination 
of pioglitazone with simvastatin did not affect fasting intact 
proinsulin levels but significantly decreased the increase in 
postprandial intact proinsulin levels. No effect of simvastatin 
monotherapy on intact proinsulin levels could be observed in 
this patient population. The finding of a considerable increase 
of intact proinsulin levels in the postprandial state is new, and 
might have important clinical implications. Pursuing research 
has to clarify the role of the postprandial increase in intact 
proinsulin levels as a independent cardiovascular risk factor 
in patients with insulin resistance. 

In our study, treatment with simvastatin and the 
combination of simvastatin and pioglitazone significantly 
improved total cholesterol, HDL, and low-density lipopro- 
tein plasma levels. In contrast to previous studies on diabetic 
patients [32], no significant effect on these lipid parameters 
could be observed during treatment with pioglitazone alone. 

In conclusion, this is the first study that investigated the 
effect of pioglitazone in comparison with and in combina- 
tion with simvastatin on several markers of the metabolic 
syndrome in nondiabetic patients with increased cardiovas- 
cular risk. Despite the specific beneficial action of each 
single drug on distinct cardiovascular risk factors, the 
combined treatment with both study drugs was able to 
provide an overall improvement of all risk markers observed 
in our study. The results of the study also prove additional 
protective effects of PPARy agonists on the cardiovascular 
system in patients pretreated with statins. Further studies 
need to evaluate the clinical significance of these beneficial 
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effects of combining PPARy agonist and statin treatments in 
reducing the cardiovascular risk in patients without diabetes. 
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Appendix A 

This study was performed at 2 sites: 

1. GWT-TUD, Center for Clinical Studies, Dresden, 
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2. Institute for Clinical Research and Development, 
Mainz, Germany. 
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Circulating Adiponectin and Resistin 
Levels in Relation to Metabolic Factors, 
Inflammatory Markers, and Vascular 
Reactivity in Diabetic Patients and 
Subjects at Risk for Diabetes 
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- Adiponectin and resistin, two recently discovered adipocyte-secreted hor- 
mones, may link obesity with insulin resistance and/or metabolic and cardiovascular risk factors. 
We performed a cross-sectional study to investigate the association of adiponectin and resistin 
with inflammatory markers, hyperlipidemia, and vascular reactivity and an interventional study 
to investigate whether atorvastatin mediates its beneficial effects by altering adiponectin or 
resistin levels. 

RESEARCH DESIGN AND METHODS — Associations among vascular reactivity, in- 
flammatory markers, resistin, and adiponectin were assessed cross-sectionally using fasting 
blood samples obtained from 77 subjects who had diabetes or were at high risk to develop 
diabetes. The effect of atorvastatin on adiponectin and resistin levels was investigated in a 
12-week-long randomized, double-blind, placebo-controlled study. 

RESULTS — In the cross-sectional study, we confirm prior positive correlations of adiponec- 
tin with HDL and negative correlations with BM1, triglycerides, C-reactive protein (CRP), and plasma 
activator inhibitor (PAI)-l and report a negative correlation with tissue plasminogen activator. The 
positive association with HDL and the negative association with PA1-1 remained significant after 
adjusting for sex and BMI. We also confirm prior findings of a negative correlation of resistin with 
HDL and report for the first time a positive correlation with CRP. All of these associations remained 
significant after adjusting for sex and BMI. No associations of adiponectin or resistin with any aspects 
of vascular reactivity were detected. In the interventional study, atorvastatin decreased lipid and CRP 
levels, but adiponectin and resistin were not specifically altered. 



S — We conclude that adiponectin is significantly associated with inflam- 
matory markers, in part, through an underlying association with obesity, whereas resistin's 
associations with inflammatory markers appear to be independent of BMI. Lipid profile and 
inflammatory marker changes produced by atorvastatin cannot be attributed to changes of either 
adiponectin or resistin. 
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Obesity and insulin resistance are 
associated with cardiovascular risk 
factors, including altered levels of 
inflammatory markers and endothelial 
dysfunction (1). Two recently identified 
adipocyte-secreted hormones, adiponec- 
tin and resistin, are thought to link 
obesity with insulin resistance and car- 
diovascular risk (1-7). Adiponectin, a re- 
cently discovered 244-amino acid, 
adipose-specific protein (2), is found in 
high concentrations in the peripheral 
circulation (3), and its circulating levels 
are decreased in obesity and type 2 diabe- 
tes (4). Adiponectin levels are inversely 
associated with central or overall adipos- 
ity, as well as hyperlipidemia and insulin 
resistance independently of BMI (5,6). 
Resistin levels have been reported to be 
markedly elevated in obese mice and to be 
decreased by insulin sensitizers, such as 
rosiglitazone and other thiazolidinedio- 
nes, and by the administration of antire- 
sistin antiserum, which also leads to a 
significant decrease in blood glucose (7). 
These initial findings in mice were chal- 
lenged by subsequent observations, 
however, demonstrating increased or de- 
creased resistin levels in obesity as well as 
variable responses to thiazolidinediones 
(8,9) and a null association between cir- 
culating resistin and insulin resistance in 
humans (10,11). Interestingly, although 
resistin has structural similarities to pro- 
teins involved in inflammatory processes 
(12), circulating resistin levels have never 
been studied in relation to inflammatory 
markers in humans. In contrast, adi- 
ponectin has been associated with mark- 
ers of inflammation, such as C-reactive 
protein (CRP) and tumor necrosis fac- 
tor-a (TNF-a) (13,14), but associations 
with several other inflammatory markers 
remain to be studied. 

Thus, we have studied cross- 
sectionally whether adiponectin is in- 
versely associated and if resistin is 
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positively associated with inflammatory 
markers, hyperlipidemia, and vascular re- 
activity. We also studied, in the context of 
a 12-week-long, double-blind, random- 
ized, placebo-controlled clinical trial, 
whether atorvastatin, a 3-hydroxy-3- 
methylglutaryl coenzyme A reductase in- 
hibitor, which reduces total cholesterol, 
LDL (15), and triglycerides (16), in- 
creases HDL levels (17), and may mediate 
improved insulin sensitivity (18), affects 
these outcomes by altering adiponectin 
and/or resistin levels. 



RESEARCH DESIGN AND 
METHODS — The present study in- 
cluded 77 previously studied subjects 
(19) who had diabetes with no serious 
long-term complications (defined as mac- 
roalbuminuria, severe neuropathy, and/ 
or peripheral vascular disease associated 
with foot ulceration or other lower- 
extremity amputations) or were consid- 
ered at higher risk to develop type 2 
diabetes than the general population (a 
positive family history and a normal 75-g 
oral glucose tolerance test, subjects with 
at least one first-degree relative with type 
2 diabetes, or subjects with impaired glu- 
cose tolerance), using previously de- 
scribed criteria (20). The study protocol 
was approved by the institutional review 
boards at the Joslin Diabetes Center and 
the Beth Israel Deaconess Medical Center. 
After being informed on the purpose and 
procedures of the study, all subjects 
signed an informed consent form. Sub- 
jects were evaluated at an initial screening 
visit, which involved a full medical his- 
tory and physical examination including 
blood pressure, weight, height, waist-to- 
hip ratio, fundoscopy, and evaluation for 
clinical signs of neuropathy. Subjects 
were excluded if they had a known his- 
tory of cardiovascular disease, stroke or 
transient ischemic attack, uncontrolled 
hypertension, liver disease, renal disease, 
severe dyslipidemia (triglycerides >600 
mg/dl or cholesterol >350 mg/dl), or any 
other serious chronic disease requiring 
active treatment. Women of child-bearing 
potential not using an effective form of 
nonhormonal birth control and subjects 
taking lipid-lowering agents during the 
last 3 months, glucocorticoids, antineo- 
plastic agents, psychoactive agents, or 
bronchodilators on a regular basis were 
also excluded. 



Cross-sectional study 

Blood samples were obtained after an 
overnight fast (~10 h) and a 24-h period 
free of alcohol or vigorous exercise. Sub- 
jects were asked not to take their diabetes 
medications (sulfonylureas or metformin) 
for 12 h before each visit. Those subjects 
using insulin were requested to hold the 
rapid-acting insulin the morning of each 
visit. Blood samples were drawn from an 
antecubital vein with a 19-gauge needle 
without venous stasis, and the sera were 
stored at -70°C 

Interventional study 

The effect of atorvastatin on adiponectin 
and resistin levels was investigated in a 
randomized, double-blind, placebo- 
controlled study. The 77 subjects de- 
scribed above in the cross-sectional study 
were randomized in a double-blind man- 
ner to receive either 20 mg of atorvastatin 
daily or the matching placebo for 12 
weeks. The subjects were asked to con- 
tinue with their prior medications, diet 
plan, and physical activity level in a con- 
stant manner for the duration of the 
study. Subjects were evaluated at baseline 
and reevaluated after a 12-week treatment 
period at an exit visit with repeat labora- 
tory evaluations. Vascular reactivity test- 
ing was also done at baseline and repeated 
at 12 weeks. To evaluate the association of 
serum adiponectin levels, serum resistin 
levels, and markers of vascular inflamma- 
tion, fasting blood samples were obtained 
at baseline and at 12 weeks. 

Hormone measurements 

Blood samples were analyzed for HDL 
cholesterol, LDL cholesterol, total choles- 
terol, triglycerides, endothelin-1 (ET1), 
CRP, tumor necrosis factor-a (TNF-a), 
intracellular adhesion molecule (ICAM), 
plasma activator inhibitor (PAI)-l, tissue 
plasminogen activator (tPA), adiponectin, 
and resistin. Plasma total cholesterol, 
HDL cholesterol, and triglycerides were 
measured using the Synchron CX ana- 
lyzer (Beckman/Coulter) as previously 
described (21). LDL cholesterol was cal- 
culated from these results. Hormone con- 
centrations were measured using 
commercially available methods (10) as 
follows: adiponectin radioimmunoassay 
(Linco Research, St. Charles, MO) (sensi- 
tivity 2 u.g/ml; intra-assay coefficient of 
variation [CV] 1.78-6.21%), human re- 
sistin (BioVendor, Brno, Czech Republic) 
(0.2 ng/ml; 3.4-5.2%), soluble ICAM (R 



& D Systems, Minneapolis, MN) (0.35 
ng/ml; 3.3-4.8%), and ET1 (R&D Sys- 
tems) (1.0 pg/ml; 4.2-4.6%) were mea- 
sured in plasma by the enzyme-linked 
immunosorbent assay method. TNF-a 
(Immulite DPC) (8.1 pg/ml; 2.6-3.6%) 
and CRP (Immulite DPC) (0.01 mg/dl; 
4.2-6.4%) were measured by chemilumi- 
nescent immunoassay. PAI-1 (Diagnos- 
tica Stago, France) (1.0 ng/ml; 5.48- 
6.53%) and tPA (Diagnostica Stago) (1.0 
ng/ml; 4.49-4.54%) were also measured 
by the enzyme-linked immunosorbent as- 
say method. To minimize variability, hor- 
mone levels were measured in one assay 
for all subjects participating in the cross- 
sectional study and in one assay for each 
subject in the interventional studies. 

Vascular reactivity tests 

The vascular reactivity of the forearm skin 
microcirculation was evaluated by laser 
Doppler perfusion imaging measure- 
ments before and after iontophoresis of 
acetylcholine chloride ([ACH%], percent 
increase over baseline of endothelium- 
dependent vasodilation) and sodium 
nitroprusside ([NNP%], percent increase 
over baseline of endothelium-indepen- 
dent vasodilation) and as previously 
described (22). To assess the endotheli- 
um-dependent reactivity in the macrocir- 
culation, the flow-mediated brachial 
artery dilation was measured by using a 
high-resolution ultrasound with a 10.0- 
MHz linear array transducer and an HDI 
Ultramark 9 system (Advanced Technol- 
ogy Laboratories, Bothel, WA). Reactive 
hyperemia was produced by inflating a 
pneumatic tourniquet to 50 mmHg above 
the systolic pressure for 5 min distal to the 
brachial artery, and the flow at rest and 
reactive flow were measured. All mea- 
surements were in accordance with re- 
cently published guidelines (23). 
Endothelium-independent vasodilation 
in the macrocirculation (nitroglycerin- 
induced dilation [NID]) was assessed by 
studying brachial artery diameter changes 
5 min after the administration of 400 |jLg 
of sublingual nitroglycerine (19). This test 
was performed 15 min after the reactive 
hyperemia test and after obtaining a new 
baseline reading. 

Data analysis 

Data were summarized using standard 
procedures. Any missing values due to in- 
sufficient sample or values outside the as- 
say range were excluded from the analysis 
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Table 1 — Baseline characteristics of the subjects 





At risk oi type 2 diabetes 


• Diabetic patients 


Total patients 


37 


40 


Age (years) 


49 ± 12 


53 ± 13 


Men 


20 (54) 


23 (58) 


With first-degree relative (normal glucose 


25 (68) 


- 


tolerance) 






With impaired glucose tolerance 


12 (32) 





Type 1/type 2 diabetes 


— 


20/20 


Diabetes duration (years) 


— 


8 ± 12 


BM1 (kg/m 2 ) 


29.5 ± 5.8 


29.8 ± 9.4 








HbA u 8 (%) 


5.4 ± 0.4 


8.0 ± 1.6 


Total cholesterol (mg/dl) 


206 ± 40 


205 ± 42 


LDL (mg/dl) 


125 ± 31 


124 ± 35 


HDL (mg/dl) 


59 ± 19 


60 ± 14 


Triglycerides (mg/dl) 
Diabetes treatment 


118 ± 78 


102 ± 75 


Diet 


— 


1(3) 


Oral agents 


— 


15 (37) 


Insulin 




24 (60) 


Resting brachial artery diameter (mm) 


3.4 ± 0.7 


3.6 ± 0.7 


FMD 


5.8 (4.0-9.3) 


5.0 (3.2-7.8) 


NID 


15.2(11.4-20.9) 


13.4 (10.1-17.1) 


ACH% 


158 ± 77 


149 ± 77 


NNP% 


88 ± 49 


93 ± 44 



Data are mean ± SD, n (%), or median (25-75 percentiles). FMD, flow-mediated dilation percentage increase 
over baseline (endothelium-dependent reactivity of macrocirculation). 



of this specific variable only. In the cross- 
sectional study, we performed both 
Spearman's and Pearson's correlation 
analysis, and we report herein the Spear- 
man's correlation coefficients that are 
more conservative. Then we performed 
bivariate and multivariate regression 
analyses. We evaluated for potential asso- 
ciations among serum adiponectin levels 
and serum resistin levels (dependent vari- 
ables) and BMI, metabolic markers (lipid 
profile), inflammatory parameters 
(ICAM, ET1, TNF-a, CRP, PAI-1, tPA), as 
well as vascular reactivity, all expressed as 
continuous variables. In the multivariate 
analysis models, we evaluated the same 
independent variables after controlling 
for potential confounding by sex, sex and 
BMI, and sex, BMI, and HbA lc . Logarith- 
mic transformation was used to normalize 
nonnormally distributed dependent vari- 
ables. 

In the interventional study, we as- 
sessed the differences in adiponectin and 
resistin levels, lipid levels and inflamma- 
tory marker levels, as well as BMI using a 
paired t test for parametrically distributed 
data and the Wilcoxon matched-pair 



signed-rank test for nonparametrically 
distributed data to compare baseline data 
and data at the end of the study. The £ test 
was used to compare the baseline charac- 
teristics between those receiving active 
treatments and those receiving placebo. 

SPSS 8.0 software (SPSS, Chicago, IL) 
was used for statistical analysis. A P value 
<0.025 (two tailed) was considered sta- 
tistically significant for all analyses (Bon- 
ferroni correction). Descriptive statistics 
are presented as mean ± SE. 

RESULTS 

Cross-sectional study 

Baseline characteristics of the study pop- 
ulation are presented in Table 1 . Spear- 
man correlations, including all subjects, 
among adiponectin and the metabolic 
markers, inflammatory markers, and vas- 
cular reactivity, confirmed prior findings 
of the positive correlation with HDL (r = 
0.42, P < 0.01) and the negative correla- 
tions with triglycerides (r = —0.35, P < 
0.01), CRP (r = -0.21, P = 0.026), 
PAI-1 (r = -0.39, P < 0.01), and BMI 
(r = -0.32, P < 0.01). Additionally, we 



discovered the negative correlation of adi- 
ponectin with tPA (r = -0.30, P < 0.01) 
(Table 2). We found no correlation of adi- 
ponectin with vascular reactivity or glu- 
cose levels. Spearman correlations, 
including all subjects, among resistin and 
the metabolic markers, inflammatory 
markers, and vascular reactivity, con- 
firmed prior findings of a negative corre- 
lation with HDL (r = -0.23, P < 0.01) 
and positive correlation with CRP (r = 
0.25, P < 0.01) (Table 2). Resistin was 
not associated with any other study vari- 
able, including glucose. 

We then performed bivariate regres- 
sion analyses of adiponectin and of resis- 
tin with metabolic factors, inflammatory 
markers, and vascular reactivity consid- 
ered as independent variables (Tables 3 
and 4). We found a positive correlation of 
adiponectin with HDL and a negative cor- 
relation of adiponectin with triglycerides, 
CRP, PAI-1, and tPA (Table 3). In addi- 
tion, there was no association among adi- 
ponectin and total cholesterol, LDL, 
ICAM, ET1, TNF-a, and the vascular re- 
activity measurements (flow at rest, flow- 
mediated brachial artery dilation, NID, 
ACH%, and NNP%). To adjust for poten- 
tial confounders, we then performed mul- 
tivariate regression analyses, adjusting for 
successively introduced covariates: sex, 
then sex and BMI, and finally sex, BMI, 
and HbA lc . With adjustment for sex, all of 
the positive and negative correlations 
found with the bivariate analyses re- 
mained significant. However, after adjust- 
ing for both sex and BMI, only the positive 
association with HDL and the negative as- 
sociation for PAI-1 remained significant 
(Table 3), indicating that adiponectin 
may mediate the effect of obesity on trig- 
lycerides, CRP, and tPA. Finally, we 
found a positive correlation of resistin 
with CRP and a negative correlation with 
HDL (Table 4), and these associations re- 
mained significant after adjusting for sex, 
BMI, and HbA lc , indicating that the effect 
of resistin is independent of obesity and 
glycemic control. We also ran these cor- 
relations of adiponectin and resistin with 
metabolic markers, inflammatory mark- 
ers, and vascular reactivity, excluding the 
type 1 diabetic subjects. We found a sim- 
ilar positive correlation of adiponectin 
with HDL (r = 0.40, P < 0.01), a negative 
correlation with PAI-1 (r = -0.33, P < 
0.01), and a negative correlation with BMI 
(r = -0.25, P < 0.025). However, the 
other significant correlations found in the 
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entire group did not remain significant 
(triglycerides [r = -0.11] and CRP [r = 
-0.17]), which was probably due to the 
smaller n. None of the previously signifi- 
cant correlations of HDL, CRP, and NID 
with resistin remained significant when 
we ran these correlations excluding the 
type 1 diabetic subjects from the entire 
group. 

Finally, we ran all correlations in the 
entire study sample after statistically con- 
trolling for type 1 versus type 2 diabetes 
status. The previously nonsignificant as- 
sociations remained unchanged. The sig- 
nificant associations were as follows after 
controlling for diabetes status: 1) adi- 
ponectin versus HDL (r = 0.27, P < 
0.01), versus triglycerides (r = -0.07, 
P = 0.45), versus tPA (r = -0.09, P = 
0.32), versus BMI (r = -0. 18, P = 0.04), 
and versus PAI-1 (r = -0.022, P < 
0.026) and 2) resistin versus HDL (r = 
-0.27, P < 0.01), versus CRP (r = 0.23, 
P < 0.026), and versus NID (r = -0.20, 
P = 0.05), which remained essentially 
unchanged. 

Interventional study 

Both atorvastatin and placebo treatment 
resulted in a decrease in total cholesterol 
and LDL levels, but the decrease in the 
atorvastatin group was much greater (Ta- 
ble 5). CRP levels also decreased signifi- 
cantly in the atorvastatin group but did 
not change significantly in the placebo 
group. Serum adiponectin levels did not 
change significantly in either the placebo 
or active treatment group, and serum re- 
sistin levels decreased significantly but to 
the same extent in both groups (Table 5), 
indicating that atorvastatin has no specific 
effect on these two hormones. Similar re- 
sults were obtained when diabetic and 
nondiabetic subjects were considered 
separately. 



- Accumulating 
evidence from animal and human studies 
shows that adiponectin plays an impor- 
tant role in insulin sensitivity (24-28), 
inflammation (29), atherogenesis 
(30,31), lipid metabolism (6,24), and 
thus influences hyperlipidemia and CAD 
(29). The association between adiponec- 
tin and insulin sensitivity has been estab- 
lished in animal models in which 
adiponectin administration reversed in- 
sulin resistance in lipoatrophic mice (25). 
Adiponectin levels are significantly lower 
in humans with type 2 diabetes or insulin 
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Table 3 — Bivariate and multivariate regression analyses of serum adiponectin levels on met- 
abolic factors, inflammatory markers, and vascular reactivity* 



Parameters 


PI 


P2 


P3 


04 


Metabolic factors 










Total cholesterol (mg/dl) 


0.03 


0.02 


-0.05 


-0.05 


LDL cholesterol (mg/dl) 


-0.04 


-0.04 


-0.09 


-0.08 


HDL cholesterol (mg/dl) 


0.37t 


0.40t 


0.31* 


0.31t 


Triglycerides (mg/dl) 


-0.22* 


-0.22* 


-0.17 


-0.17 


Inflammatory markers 










ICAM (ng/ml) 


0.17 


0.19 


0.21 


0.19 


ET1 (pg/ml) 


0.15 


0.15 


0.24 


0.21 


TNF-a (pg/ml) 


-0.13 


-0.14 


-0.06 


-0.05 


CRP (mg/dl)* 


-0.22* 


-0.25t 


-0.07 


-0.20 


PAI-1 (ng/ml) 


-0.36t 


-0.36t 


-0.24* 


-0.21 


tPA (ng/ml) 


-0.26f 


-0.26t 


-0.15 


-0.15 


Vascular reactivity 










FR 


-0.11 


-0.14 


-0.002 


-0.02 


FMD 


0.004 


-0.003 


-0.02 


0.004 


NID 


-0.03 


-0.05 


-0.04 


0.01 


ACH% 


-0.09 


-0.12 


-0.12 


-0.10 


NNP% 


0.01 


0.003 


0.04 


0.05 



(31, bivariate standardized linear regression coefficient; P2, multivariate standardized linear regression 
coefficient adjusted for sex; (33, multivariate standardized linear regression coefficient adjusted for sex and 
BMI; 34, multivariate standardized linear regression coefficient adjusted for sex, BM1, and HbA u .. FMD, 
flow-mediated dilation percentage increase over baseline (endothelium-dependent reactivity of macrocir- 
culation); FR, resting brachial artery diameter (in millimeters). *Logarithmic transformation performed 
before analysis. tP < 0.01 ; * P < 0.025. 



resistance (32) and increase in subjects 
treated with thiazolidinediones (33,34), 
suggesting that adiponectin plays a role in 
the thiazolidinedione effect of improving 
insulin sensitivity and decreasing inflam- 
mation. In addition, adiponectin may 
play a critical role in suppressing the in- 
flammatory response that is associated 
with atherogenesis, endothelial dysfunc- 
tion, and ultimately vascular disease (29). 
In vitro mechanistic studies in human 
aortic endothelial cells have shown that 
human recombinant adiponectin in a 
dose-dependent manner suppresses en- 
dothelial expression of adhesion mole- 
cules, proliferation of vascular smooth 
muscle cells, and the transformation of 
macrophages to foam cells (30). Adi- 
ponectin also significantly inhibits mac- 
rophage phagocytic activity and 
suppresses lipopolysaccharide-induced 
production of TNF-a (29). Animal stud- 
ies in apolipoprotein E- deficient mice 
demonstrated that adiponectin sup- 
pressed the expression of adhesion mole- 
cules, scavenger receptors, and TNF-ot 
levels, which cumulatively resulted in re- 
duced in vivo atherosclerosis (35). Fi- 
nally, it has recently been reported that 
circulating adiponectin correlates in- 



versely with serum levels of certain in- 
flammatory markers, such as CRP (13). 
We searched for novel associations be- 
tween circulating adiponectin and tPA, in 
addition to confirming known associa- 
tions with HDL, triglycerides, and PAI-1. 
Adiponectin's association with HDL and 
PAI-1 was independent of BMI, which 
suggests adiponectin may mediate some 
effects of adiposity, but whether central 
obesity or other unrecognized pathways 
might play a regulatory role remains to be 
elucidated by future studies. 

We found that in subjects with diabe- 
tes or at risk of developing diabetes, adi- 
ponectin is negatively correlated with 
BMI, triglycerides, CRP, PAI-1, and tPA, 
suggesting that adiponectin may act as an 
anti-inflammatory mediator with respect 
to CRP, PAI-1, and tPA. These findings 
are consistent with prior data that adi- 
ponectin levels correlate negatively with 
inflammation and endothelial dysfunc- 
tion (12). In addition to adiponectin's 
negative association with CRP (13), a 
molecule known to promote atherogene- 
sis via monocytes and endothelial cells 
(36), we provide the first description of a 
negative association between adiponectin 
and tPA, a molecule known to play a role 

Table 4 — Bivariate and multivariate regression analyses of serum resistin levels on metabolic 
factors, inflammatory markers, and vascular reactivity* 



Parameters 


PI 


P2 


P3 


P4 


Metabolic factors 










Total cholesterol (mg/dl) 


-0.004 


-0.01 


0.02 


0.02 


LDL cholesterol (mg/dl) 


0.11 


0.11 


0.13 


0.13 


HDL cholesterol (mg/dl) 


-0.28T 


-0.33T 


-0.33* 


-0.331 


Triglycerides (mg/dl) 


0.03 


0.04 


0.01 


0.01 


Inflammatory markers 










ICAM (ng/ml) 


-0.02 


-0.01 


-0.06 


-0.05 


ET1 (pg/ml) 


0.22 


0.22 


0.23 


0.25 


TNF-a (pg/ml) 


0.01 


0.01 


-0.02 


-0.01 


CRP (mg/dl)* 


0.28t 


0.29t 


0.38t 


0.39t 


PAI-1 (ng/ml) 


0.12 


0.13 


0.10 


0.13 


tPA (ng/ml) 


0.08 


0.08 


0.03 


0.03 


Vascular reactivity 










FR 


0.17 


0.22 


0.18 


0.17 


FMD 


-0.13 


-0.13 


-0.12 


-0.12 


NID 


-0.17 


-0.17 


-0.18 


-0.17 


ACH% 


0.06 


0.07 


0.07 


0.08 


NNP% 


0.07 


0.06 


0.05 


0.05 



pi, bivariate standardized linear regression coefficient; p2, multivariate standardized linear regression 
coefficient adjusted for sex; B3, multivariate standardized linear regression coefficient adjusted for sex and 
BMI; P4, multivariate standardized linear regression coefficient adjusted for sex, BMI, and HbA u .. FMD, 
flow-mediated dilation percentage increase over baseline (endothelium-dependent reactivity of macrocir- 
culation); FR, resting brachial artery diameter (in millimeters). *Logarithmic transformation performed 
before analysis; tP < 0.01 ; tP < 0.025. 
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Table 5 — Results of changes in response to atorvastatin or placebo 



Atorvastatin Placebot 





Before 


After 


Before 


After 




treatment 


treatment 


treatment 


treatment 


Adiponectin (|Ag/ml) 


21.7 ± 2.3 


21 4 + 2 2 






Resistin (ng/ml) 
BMI (kg/m 2 ) 


8.1 ± 0.8 


6 8 + 0 6* 




' * n 


29.5 ±1.3 


29 3 + 12 




?s o + in 


Total cholesterol (mg/dl) 


199.8 ± 7.0 


150 7 ± 5 8t 


211 9 + 7 0 




HDL (mg/dl) 


58.8 ± 2.3 


56.9 ± 2.3 


61.9 ± 3.3 


59 3 + 2 9 


LDL (mg/dl) 


120.4 ± 5.9 


76.7 ± 4.9t 


127.0 ± 5.6 


118.4 ± 4.6t 


Triglycerides (mg/dl) 


114.3 ± 15.0 


99.3 ± 14.5 


110.2 ± 13.0 


116.2 ± 12.9 


ICAM (ng/ml) 


240.3 ± 9.2 


244.8 ± 8.6 


219.3 ± 16.9 


236.6 ± 13.3 


ET1 (pg/ml) 


0.76 ± 0.05 


0.70 ± 0.04 


0.66 ± 0.08 


0.68 ± 0.07 


TNF-a (pg/ml) 


3.5 ± 0.3 


3.1 ± 0.3 


2.7 ± 0.4 


3.3 ± 0.4 


CRP (mg/dl) 


0.32 ± 0.05 


0.25 ± 0.04* 


0.30 ± 0.05 


0.26 ± 0.04 


PAI-1 (ng/ml) 


28.8 ± 4.0 


22.6 ± 3.3 


21.1 ±3.0 


24.9 ± 4.3 


tPA (ng/ml) 


7.7 ± 0.7 


7.2 ± 0.7 


6.6 ± 0.6 


6.4 ± 0.6 



in impaired fibrinolysis in humans (37). 
The negative correlation of adiponectin to 
PAI-1 , which is also associated with insu- 
lin resistance and the metabolic syndrome 
(38,39), provides another possible mech- 
anism for adiponectin in affecting the 
metabolic syndrome-induced morbidity 
and mortality. Further analysis of adi- 
ponectin adjusting for type of diabetes 
showed slightly different associations 
with tPA. These findings need to be con- 
firmed in larger studies. 

Resistin, which has recently been pro- 
posed to play a role in obesity-mediated 
insulin resistance (7), has a structure sim- 
ilar to that of proteins that are involved in 
inflammatory processes (12). More spe- 
cifically, resistin is identical to FIZZ3 
(found in inflammatory zone 3), and re- 
sistin-like molecules, such as RELM-ct 
and RELM-P, are identical with FIZZ1 
and FIZZ2, respectively. Patterns of ex- 
pression of FIZZ proteins are very similar 
to those reported for resistin and RELMs 
(8,12). In addition, the pattern of expres- 
sion and physiological functions pro- 
posed for these proteins resemble those of 
other well-known proinflammatory cyto- 
kines, such as interleukin-6 and TNF-a, 
both of which are involved in cardiovas- 
cular obesity-related outcomes (40). 
These findings suggest that resistin/FIZZ3 
and RELMs/FIZZl and FIZZ2 may be in- 
volved in the inflammatory processes as- 
sociated with obesity (41), but the role of 
resistin in vascular reactivity or potential 
associations with inflammatory markers 
have not been previously studied. In ad- 



dition to the known negative correlation 
between serum resistin and HDL, we re- 
port a positive correlation of serum resis- 
tin to CRP, and these correlations 
remained significant after adjusting for 
type of diabetes, which suggests that the 
type of diabetes does not influence the 
associations between resistin levels and 
these variables. The positive association 
to CRP also remained significant despite 
adjustments for sex and BMI, suggesting 
that resistin's proinflammatory properties 
may be independent of overall obesity. 
Larger studies are needed to confirm and 
extend these finding in healthy and dia- 
betic subjects. 

We did not find any correlations be- 
tween vascular reactivity and adiponectin 
or resistin in this study. There are two 
published studies reporting conflicting 
results regarding adiponectin and vascu- 
lar function (42,43). More specifically, a 
recent report showing that hypoadi- 
ponectinemia is associated with impaired 
endothelium-dependent vasodilation 

(42) conflicts with our findings of no as- 
sociation between adiponectin and any 
vascular reactivity. Furthermore, the sec- 
ond recently published report stated that 
adiponectin is associated with endotheli- 
um-independent vasodilation, but not 
endothelium-dependent vasodilation 

(43) . Based on our findings and the find- 
ings from these two other groups, we do 
not feel there is a well-established and re- 
producible association between vascular 
reactivity and either adiponectin or resis- 
tin levels. 



Another topic we addressed in this 
study was whether statin treatment alters 
circulating adiponectin and resistin lev- 
els. The current understanding of statin 
efficacy in decreasing the relative risk of 
major coronary events by 30% has been 
attributed to several mechanisms, includ- 
ing beneficial effects on plasma lipopro- 
tein levels, endothelial function, plaque 
architecture and stability, thrombosis, 
and inflammation, which are seen in ad- 
dition to and independent of decreased 
LDL (44-48). Whereas it is enticing to 
explain some of the vascular and inflam- 
matory effects mediated by atorvastatin 
possibly via alterations in adiponectin or 
resistin levels, data from the interven- 
tional part of the study show that atorva- 
statin does not significantly alter serum 
adiponectin or resistin levels when com- 
pared with placebo. These data indicate 
that other pathways may mediate atorvas- 
tatin's effects on insulin resistance and in- 
flammatory processes. 

In summary, the findings of this study 
indicate that adiponectin may have a 
wide-ranging role in metabolism and in- 
flammation by being associated not only 
with lipoprotein levels but also inflamma- 
tory markers and that some of these asso- 
ciations reflect an underlying association 
with obesity, whereas others are indepen- 
dent of obesity. However, resistin's asso- 
ciations with inflammatory markers 
appear to be independent of BMI, sug- 
gesting that resistin may have a direct 
proinflammatory role or mediate its ef- 
fects via yet to be discovered obesity- 
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independent mechanisms. Finally, 
neither vascular reactivity nor lipid pro- 
file changes and inflammatory changes 
produced by therapy with atorvastatin 
can be attributed to alterations of either 
adiponectin or resistin levels. Further 
studies to confirm and extend these ob- 
servations as well as to elucidate the un- 
derlying mechanisms are clearly needed. 
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OBJECTIVES We compared vascular and metabolic responses (and adverse responses) to statin and fibrate 

therapies alone or in combination in patients with combined hyperlipidemia. 
BACKGROUND The mechanisms of action for statins and fibrates are distinct. 

METHODS Fifty-six patients were given atorvastatin 10 mg and placebo, atorvastatin 10 mg and 
fenofibrate 200 mg, or fenofibrate 200 mg and placebo daily during each two-month 
treatment period of a randomized, double-blind, placebo-controlled crossover trial with two 
washout periods of two months' each. 

RESULTS Lipoproteins were changed to a greater extent with combined therapy when compared with 

atorvastatin or fenofibrate alone. Flow-mediated dilator response to hyperemia and plasma 
high-sensitivity C-reactive protein and fibrinogen levels were changed to a greater extent with 
combined therapy when compared with atorvastatin or fenofibrate alone (p < 0.001, p = 
0.182, and p = 0.015 by analysis of variance [ANOVA], respectively). The effects of 
combined therapy or fenofibrate alone on plasma adiponectin levels and insulin sensitivity 
(determined by the Quantitative Insulin-Sensitivity Check Index [QUICKI]) were signifi- 
cantly greater than those of atorvastatin alone (p = 0.022 for adiponectin and p = 0.049 for 
QUICKI by ANOVA). No patients were withdrawn from the study as the result of serious 
adverse effects. 

CONCLUSIONS Combination therapy is safe and has beneficial additive effects on endothelial function in 
patients with combined hyperlipidemia. (J Am Coll Cardiol 2005;45:1649-53) © 2005 by 
the American College of Cardiology Foundation 



High serum cholesterol and elevated low-density lipopro- 
tein (LDL) cholesterol are important risk factors for coro- 
nary heart disease. Many patients on statin therapy have 
initial or recurrent coronary heart disease events despite 
reductions in LDL cholesterol (1). Interestingly, fibrate 
therapy, which significantly decreases triglycerides and in- 
creases high-density lipoprotein (HDL) cholesterol without 
reducing LDL cholesterol, is associated with significant 
decreases in coronary events (2). Moreover, combined ther- 
apy with statins and fibrates is more effective in controlling 
atherogenic dyslipidemia in patients with combined hyper- 
lipidemia than the administration of either drug alone (3). 
Of concern is the fact that the combination of statins and 
fibrates is more likely to be accompanied by severe myop- 
athy (4). This limitation is not observed with fenofibrate, 
and no significant side effects have been reported with 
combined statin and fenofibrate treatment (3-5). 

Coronary heart disease frequently is associated with 
insulin resistance and metabolic disorders, such as obesity 
and combined hyperlipidemia. Endothelial dysfunction as- 
sociated with cardiovascular diseases may contribute to 
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insulin resistance (6). The effects of statins on insulin 
resistance are controversial (7,8). Peroxisome proliferator- 
activated receptor-alpha activators improve insulin sensitiv- 
ity in rodents (9). The impact of atovastatin and fenofibrate 
therapies on endothelial homeostasis and insulin resistance 
may differ because the mechanisms underlying the biologi- 
cal actions of these drugs are distinct. Therefore, we 
investigated whether combined therapy has additive bene- 
ficial effects greater than atovastatin or fenofibrate alone in 
patients with combined hyperlipidemia. 

METHODS 

Study population and design. Fifty-six patients with com- 
bined hyperlipidemia (total cholesterol S200 mg/dl and 
triglycerides ranging from 200 mg/dl to 800 mg/dl) partic- 
ipated in this study. We excluded patients with overt liver 
disease, chronic renal failure, hypothyroidism, myopathy, 
uncontrolled diabetes, severe hypertension, stroke, acute 
coronary events, coronary revascularization within the pre- 
ceding three months, or evidence of alcohol abuse. Clinical 
characteristics of the study patients are summarized in Table 
1. We administered atorvastatin 10 mg and placebo, ator- 
vastatin 10 mg and fenofibrate 200 mg, or fenofibrate 200 
mg and placebo daily during two months in a randomized, 
double-blind, placebo-controlled crossover trial with three 
treatment arms (each two months in duration) and two 



1650 Koh ef a/. JACC Vol. 45, No. 10, 2005 

" " *" ' " " May 17, 2005:1649-53 



Abbreviations and Acronyms 

ANOVA = analysis of variance 

FMD = flow-mediated dilation 

HDL = high-density lipoprotein 

LDL = low-density lipoprotein 

QPICKI = Quantitative Insulin-Sensitivity Check Index 



washout periods (each two months in duration). Patients 
were observed at 14-day intervals (or more frequently) 
during the study. To avoid side effects, we measured serum 
asparate aminotransferase, alanine aminotransferase, creat- 
ine kinase, blood urea nitrogen, and creatinine before and 
after therapy. Calcium channel or beta adrenergic blockers 
were withheld for s48 h before the study. The study was 
approved by the Gil Hospital Institute Review Board, and 
all participants gave written, informed consent. 
Laboratory assays. Blood samples were obtained at 8:00 
am after an overnight fast before and after each two-month 
treatment period. Samples were immediately coded so that 
investigators performing laboratory assays were blinded to 
subject identity or study sequence. Assays for lipids, glucose, 
and plasma adiponectin were performed in duplicate by 
enzyme-linked immunosorbent assay (R&D Systems, Inc., 
Minneapolis, Minnesota), assays for high-sensitivity 
C-reactive protein levels by latex agglutination (CRP- 
Latex(II), Denka-Seiken, Japan), and assays for plasma insulin 
levels by immunoradiometric assay (INSULIN-RIABEAD II, 
Abbott Japan, Japan) as described previously (10,11). The 
Quantitative Insulin-Sensitivity Check Index (QUICKI), a 
surrogate index of insulin sensitivity, was calculated as follows: 
QUICKI = l/[log(insulin) + log(glucose)] (12). 
Vascular studies. Imaging studies of the right brachial 
artery were performed using an ATL HDI 3000 ultrasound 
machine (Bothell, Washington) equipped with a 10-MHz 
linear-array transducer, on the basis of a published tech- 
nique (10,11). 

Statistical analysis. Data are expressed as mean ± SEM or 
median (range, 25% to 75%). After testing data for normal- 
ity, we used the Student paired t or Wilcoxon signed rank 
test to compare values before and after each treatment 
(Tables 2 and 3). The effects of the three therapies were 

Table 1. Baseline Characteristics of the Study Population 

Variables n = 56 



Age 


56 ± 1 


Gender, M:F 


23:33 


Body mass index, kg/m 2 


25.5 ± 0.3 


Risk factors 




Current smoking 


12(21) 


Ischemic heart disease 


12(21) 


Hypertension 


38 (68) 


Diabetes 


9(16) 


Medications 


Beta-adrenergic blockers 


23 (41) 


Calcium channel blockers 


21 (38) 



Values are expressed as means ± SEM or n (%). 
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Figure 1. Fenofibrate alone or combined therapy significantly lowered 
triglycerides and increased high-density lipoprotein cholesterol levels when 
compared with atorvastatin alone. ANOVA = analysis of variance. 

analyzed by one-way repeated measures analysis of variance 
(ANOVA) or Friedman's repeated ANOVA on ranks by 
comparing the relative changes in values in response to 
treatment. Post hoc comparisons between treatment pairs 
were made with the Student-Newman- Keuls multiple com- 
parison procedure. Pearson or Spearman correlation coeffi- 
cient analysis was used to assess associations between 
measured parameters. Comparisons between endothelium- 
dependent dilation among the three treatment schemes 
were prospectively designated as the primary study end 
point. All other comparisons were considered secondary. A 
value of p < 0.05 was considered to be statistically 
significant. 

RESULTS 

No significant differences among baseline values before each 
treatment period or carryover effects were noted (Tables 2 
and 3). 

Effects on lipids. Fenofibrate alone or combined therapy 
significantly lowered triglycerides and increased HDL cho- 
lesterol and apolipoprotein A-I levels when compared with 
atorvastatin alone (Fig. 1, Table 2). 

Effects on vasomotor function. Atorvastatin, combined 
therapy, or fenofibrate significantly improved the percent 
flow-mediated dilator response to hyperemia relative to 
baseline measurements by 46 ± 9%, 81 ± 12%, and 45 ± 
5%, respectively (all p < 0.001). Of note, combined therapy 
significantly improved this response more than atorvastatin 
or fenofibrate alone (p < 0.001 by ANOVA) (Fig. 2, Table 2). 
Brachial artery dilator response to nitroglycerin was not 
significantly changed from respective baseline values. After 
combined therapy, improvement in flow-mediated dilation 
(FMD) correlated with changes in total cholesterol (r = 
-0.373 and p = 0.005), triglycerides (r = -0.288 and p = 
0.032), and apolipoprotein B levels (r = -0.341, p = 
0.010). 

Effects on acute-phase reactants. Atorvastatin, combined 
therapy, or fenofibrate significantly lowered plasma high- 
sensitivity C-reactive protein levels relative to baseline 
measurements from 1.20 to 0.75 (p = 0.006), 1.20 to 0.60 
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Figure 2. Percent change in flow-mediated dilation from respective pre- 
treatment values after treatment with atorvastatin alone, combined therapy, 
and fenofibrate alone. ANOVA = analysis of variance. 

(p < 0.001), and 0.80 to 0.70 mg/1 (p = 0.002), respec- 
tively. However, the magnitude of reduction among the 
three therapies was similar (p = 0.182 by ANOVA). 
Fenofibrate alone or combined therapy significantly lowered 
plasma fibrinogen levels relative to baseline measurements 
(both p < 0.001). Of note, combined therapy significantly 
reduced this more than atorvastatin alone (p = 0.015 by 
ANOVA) (Fig. 3, Table 2). 

Effects on adiponectin and insulin resistance. There were 
significant inverse correlations between baseline adiponectin 
and baseline triglycerides (r = -0.277, p = 0.039 before 
atorvastatin; r = -0.335, p = 0.012 before combined 
therapy; and r = -0.288, p = 0.032 before fenofibrate). 
There were significant correlations between baseline adi- 
ponectin and baseline HDL cholesterol (r = 0.284, p = 
0.034 before atorvastatin; r = 0.258, p = 0.049 before 
combined therapy; and r = 0.353, p = 0.008 before 
fenofibrate). However, there were no significant correlations 
between baseline adiponectin and baseline insulin or 
QUICKI. 

Combined therapy or fenofibrate alone significantly in- 
creased plasma adiponectin levels relative to baseline mea- 
surements from 3.4 to 3.5 (p = 0.001) and 3.2 to 3.6 (p = 
0.004), respectively. These increases were significantly 







1 




P<0.05 


by ANOVA 




•e 4. Percent change in adiponectin levels (left) and in Quantitative 
Insulin-Sensitivity Check Index (QUICKI) (right) from respective pre- 
treatment values after treatment with atorvastatin alone, combined therapy, 
and fenofibrate alone. ANOVA = analysis of variance. 

greater than those observed with atorvastatin alone (p = 
0.022 by ANOVA) (Fig. 4, Table 3). The three therapies 
did not have significantly different baseline insulin and 
glucose levels. However, the magnitude of reduction of 
insulin with combined therapy was significandy greater than 
with atorvastatin alone (p = 0.012 by ANOVA) (Table 3). 
Combined therapy or fenofibrate alone significantly in- 
creased QUICKI relative to baseline measurements by 7 ± 
2% (p = 0.003) and 5 ± 2% (p = 0.043), respectively. 
These increases with combined therapy were significantly 
greater than those observed with atorvastatin alone (p = 
0.049 by ANOVA) (Fig. 4, Table 3). There were significant 
correlations between percent changes in adiponectin and 
percent changes in QUICKI (r = 0.283, p = 0.034) or 
apolipoprotein A-I (r = 0.351, p = 0.008), and there were 
significant inverse correlations between percent changes in 
adiponectin and percent changes in insulin (r = —0.332, 
p = 0.013) after combined therapy. However, there were no 
significant correlations between percent changes in adi- 
ponectin levels and percent changes in triglycerides (r = 
0.085) or HDL cholesterol levels (r = -0.048). 
Safety and adverse effects. No patients were withdrawn 
from the study because of serious adverse effects (Table 4). 
Elevations in liver and muscle enzymes and gastrointestinal 
upset were mainly transient and resolved spontaneously after 
patients finished the study. 



Figure 3. Fenofibrate alone or combined therapy significantly lowered 
plasma fibrinogen levels relative to baseline measurements. Combined 
therapy significantly reduced levels more than atorvastatin alone. ANOVA 
= analysis of variance. 
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DISCUSSION 

In patients with combined hyperlipidemia, atorvastatin and 
fenofibrate therapy alone changed the lipoprotein profiles as 
expected. We reasoned that distinct biological actions of 
atorvastatin and fenofibrate therapies on lipoproteins, fi- 
brinogen, adiponectin, and insulin sensitivity may improve 
endothelium-dependent vascular function by different 
mechanisms. Indeed, although monotherapy with atorva- 
statin or fenofibrate significantly improved lipid profiles, 
endothelial function, inflammatory markers, and insulin 
sensitivity, combined therapy had additional substantial and 
significant beneficial effects on these parameters over those 
seen with monotherapy for either drug. The enhanced 
vascular reactivity we observed with combination therapy 
may be the result of both changes in lipoprotein profiles as 
well as other effects, including pleiotropic actions of statins 
and actions of fenofibrate to increase nitric oxide production 
(13). Importantly, no patients were withdrawn from our 
study as the result of serious adverse effects. 

Fenofibrate therapy alone resulted in significant elevation 
of adiponectin levels, decreased insulin levels, and increased 
insulin sensitivity (assessed by QUICKI). The present study 
is the first report demonstrating that fenofibrate therapy can 
increase adiponectin levels. Adiponectin is an adipose- 
derived factor that augments and mimics metabolic actions 
of insulin. Moreover, adiponectin can directly stimulate 
nitric oxide production from endothelium (14). Therefore, 
increasing adiponectin levels would be predicted to improve 
both insulin sensitivity and endothelial function by multiple 
mechanisms. Interestingly, in contrast to effects of combi- 
nation therapy on FMD, the beneficial effects of fenofibrate 
therapy on adiponectin levels, insulin levels, and insulin 
sensitivity did not increase further with combination ther- 
apy. Thus, the benefits with respect to insulin resistance are 
predominantly the result of fibrate therapy rather than statin 
therapy, which suggests that improving endothelial function 
per se (as reflected by FMD) may not completely explain 
effects of fenofibrate or combined therapy to improve insulin 
sensitivity. However, combined therapy may reduce insulin 
resistance by multiple mechanisms such as lipoprotein 
changes and peroxisome proliferator- activated receptor- 
alpha activators. Fenofibrate or combined therapy for two 
months increased adiponectin levels without a change in 
body weight or body mass index, which raises the possibility 
that drug therapy is direcdy altering adiponectin levels 
independent of adiposity. It is possible that monotherapy 
with doses of statins higher than those used in our present 
study may have additional benefits similar to those we 
observed with our combined fibrate/statin therapy. How- 
ever, caution is indicated because recent clinical studies 
suggest high doses of statins may increase the onset of new 
diabetes (15). In summary, our study suggests that com- 
bined atorvastatin/fenofibrate therapy is safe and has bene- 
ficial additive effects, supporting the updated National 



Cholesterol Education Program Adult Treatment Panel III 
guidelines (16). 
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ABSTRACT 

Background: Pravastatin has been reported to re- 
duce cardiovascular events and mortality in patients 
with coronary artery disease (CAD). Hypoadiponec- 
tinemia is a known risk factor for CAD. 

Objective: This study analyzed the effects of short- 
term pravastatin treatment on serum lipid and adi- 
ponectin concentrations in patients with CAD and 
hypercholesterolemia. 

Methods: This was a multicenter, observational 
pilot study of the effect of 6 months of treatment with 
pravastatin 10 to 20 mg/d on serum adiponectin con- 
centrations in patients with documented CAD and 
total cholesterol (TC) levels >180 mg/dL. Patients 
from 13 medical centers in Japan were monitored at 
visits every 4 weeks for assessment of compliance and 
adverse effects. For the assessment of pravastatin's ef- 
fects, patients were categorized according to baseline 
serum adiponectin concentrations: quartile 1 (Ql) = 
<4.83 ug/mL; quartile 2 (Q2) = 4.83 to 7.20 ug/mL; 
quartile 3 (Q3) = 7.21 to 10.38 ug/mL; and quartile 4 
(Q4) = >10.38 ug/mL. The primary end point of the 
study was the percent change from baseline in adipo- 
nectin concentrations at 6 months. Secondary end 
points were changes in lipids, high-sensitivity C-reactive 
protein (hsCRP), and glycosylated hemoglobin (HbA lc ). 

Results: One hundred thirty consecutive patients were 
enrolled; 11 were excluded and 4 discontinued due to 
adverse events. Thus, 115 patients were included in the 
study analyses (83 men, 32 women; mean age, 68 years). 
No patient had a cardiac event during the 6-month 
follow-up period. After 6 months of pravastatin treat- 
ment, 74 (64.3%) patients had increases in serum adi- 
ponectin concentrations. Median (interquartile range) adi- 
ponectin concentrations increased significantly from 
7.2 (4.8-10.4) pg/mL at baseline to 7.8 (5.4-11.2) pg/mL 
after 6 months of pravastatin treatment (P < 0.001); the 



mean percent increase from baseline was 16.3%. The 
percent increase from baseline in serum adiponectin con- 
centrations was significandy higher among patients in 
Ql (39.3%) compared with those in Q3 (4.5%) and Q4 
(6.3%) (P < 0.003 and P < 0.005, respectively). The rela- 
tive increase in adiponectin concentrations was significant- 
ly correlated with the relative increase in high-density 
lipoprotein cholesterol (HDL-C) [r = 0.47; P < 0.001). 
After 6 months of pravastatin treatment, TC and low- 
density lipoprotein cholesterol levels had decreased by 
14.6% and 23.3%, respectively, and HDL-C levels had 
increased by 14.0% (all, P < 0.001). The change in 
triglycerides (-13.3%) was not statistically significant. 
Serum hsCRP levels were significantly decreased from 
baseline after 6 months of pravastatin treatment (P < 
0.001). HbA lc did not change significantly. 

Conclusion: In this pilot study in Japanese patients 
with CAD and hypercholesterolemia, 6 months of treat- 
ment with pravastatin 10 to 20 mg/d was associated 
with significant increases in serum adiponectin con- 
centrations. (Clin Ther. 2006;28:1012-1021) Copy- 
right © 2006 Excerpta Medica, Inc. 

Key words: pravastatin, adiponectin, coronary ar- 
tery disease, high-density lipoprotein cholesterol. 



INTRODUCTION 

Adipocytokines are bioactive substances secreted by 
adipocytes and include growth factors, cytokines, and 
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complement factors. 1,2 Adiponectin is an adipocyto- 
kine reported to be the most abundant gene transcript-1 
in human adipose tissue. It possesses a signal peptide, 
collagen-like motif, and globular domain, and has sig- 
nificant homology with collagen X and VIII and com- 
plement factor Clq. 3 Adiponectin has been reported 
to have antiatherogenic and antidiabetic functions 
and is thought to be a beneficial adipocytokine. 2 Hy- 
poadiponectinemia is seen in patients with coronary 
artery disease (CAD), and adipocytokine concentra- 
tions have been reported to be inversely associated 
with the severity of CAD. 4-7 

For nearly a decade, 3-hydroxy-3-methylglutaryl 
coenzyme A (HMG-CoA)-reductase inhibitors (statins) 
have played an integral role in the pharmacologic 
management of patients with CAD. 8 Several studies 
have found that the beneficial effects of statins are not 
solely related to their lipid-lowering effects. 9-11 Anti- 
inflammatory and antioxidative effects are among the 
so-called pleiotropic effects of statins. 12 - 13 There is lit- 
tle published information on the effect of statins on 
adiponectin concentrations. In one published report, 14 
the combination of atorvastatin and rosiglitazone, but 
not atorvastatin monotherapy, was associated with in- 
creases in adiponectin concentrations (P < 0.05). Koh 
et al 15 ' 16 found that neither atorvastatin nor simva- 
statin was associated with significant increases in plas- 
ma adiponectin concentrations. 

As recently reported at the 2006 Scientific Sessions 
of the American Heart Association, 17 pravastatin pre- 
vented new-onset CAD when low-density lipoprotein 
cholesterol (LDL-C) was only moderately controlled. 
Pravastatin, but not atorvastatin, has been reported to 
improve glucose tolerance in patients with type 2 dia- 
betes mellitus 18,19 and insulin resistance in patients 
with metabolic syndrome. 20 

Based on adiponectin's known antidiabetic proper- 
ty, 2 ' 21,22 we hypothesized that the effects of pravastat- 
in could be mediated through modification of adi- 
ponectin concentrations. The objective of this study 
was to analyze the effect of short-term pravastatin 
treatment on serum lipids and adiponectin concentra- 
tions in patients with CAD and hypercholesterolemia. 

PATIENTS AND METHODS 
Study Population 

On their initial presentation, patients complained 
of chest pain typical of myocardial ischemia on effort 
and/or at rest. For confirmation of qualifying CAD, 
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all patients underwent diagnostic coronary angiogra- 
phy. CAD was defined as organic stenosis of >75% 
and/or a positive provocation test for coronary spasm 
on intracoronary injection of acetylcholine. 23 Study 
eligibility also required serum total cholesterol (TC) 
levels SI 80 mg/dL. 

The main exclusion criteria were age <20 years, 
scheduled coronary artery bypass graft surgery, aller- 
gy to pravastatin, use of any lipid-lowering drug, and 
presence of a severe hepatic (eg, cirrhosis) or renal dis- 
order or other severe acute or chronic concomitant 
disease (eg, severe congestive heart failure [New York 
Heart Association (NYHA) class III— TV], malignant 
diseases) that seriously affected the patient's general 
health. 

Study Design and Procedures 

The KOJIROH (Kumamoto Joint Research on Hy- 
percholesterolemia) study was a multicenter, uncon- 
trolled, observational pilot study performed in accor- 
dance with the ethical principles set forth in the 
Declaration of Helsinki and approved by local ethics 
committees or institutional review boards. Written in- 
formed consent was obtained from all patients. 

Between February 2004 and June 2005, consecu- 
tive eligible patients with CAD and hypercholes- 
terolemia were enrolled at 13 medical centers in Japan. 
All patients received pravastatin 10 to 20 mg/d for 
6 months. The dosage was determined by the patients' 
physician according to baseline TC levels. Patients vis- 
ited their respective outpatient clinics every 4 weeks 
during the study and were interviewed concerning 
compliance and adverse effects. 

Peripheral blood samples were obtained after a 
12-hour overnight fast at baseline and after 6 months 
of therapy. Serum was separated by centrifugation at 
3000 rpm at 4°C for 10 minutes and stored at -80°C 
until collected by the central laboratory (SRL Inc., 
Tokyo, Japan), which performed assays of the lipid 
profile, glycosylated hemoglobin (HbA lc ), and high- 
sensitivity C-reactive protein (hsCRP) levels. TC, 
LDL-C, and triglyceride (TG) levels were measured 
using enzyme assays. High-density lipoprotein choles- 
terol (HDL-C) levels were measured by cholesterol 
oxidase assay of the supernatant from the precipitate 
of non-HDL lipoproteins. HbA lc values were deter- 
mined using a latex agglutination-turbidimetric im- 
munoassay, and hsCRP levels were quantified using 
immunonephelometry. 24 



A portion of the samples was delivered to 
Kumamoto University for examination of adiponectin 
concentrations by enzyme-linked immunosorbent as- 
says, as described elsewhere. 25 The median normal 
value for adiponectin was 7.2 pg/mL, with 90% of 
normal values <13.3 pg/mL and a lower limit of detec- 
tion of 1.7 pg/mL. The interassay CV ranged from 
3.6% to 3.3%, and the intra-assay CV ranged from 
5.8% to 4.6% (CV data provided by Otsuka Pharma- 
ceutical Co., Tokyo, Japan). 

Study Measures 

The primary end point of the study was the percent 
change from baseline in adiponectin concentrations at 
6 months. This was calculated as 

[(Month 6 adiponectin - baseline adiponectin)/ 
baseline adiponectin] x 100. 

For more detailed assessment of the effects of prava- 
statin, patients were categorized according to base- 
line serum adiponectin concentrations as follows: quar- 
tile 1 (Ql) = <4.83 pg/mL; quartile 2 (Q2) = 4.83 to 
7.20 pg/mL; quartile 3 (Q3) = 7.21 to 10.38 pg/mL; 
and quartile 4 (Q4) = >10.38 pg/mL. Secondary end 
points were changes in lipids, hsCRP, and HbA lc . In 
addition, adiponectin concentrations were compared 
in those taking and not taking an angiotensin-receptor 
blocker (ARB) and in those with and without a previ- 
ous myocardial infarction (MI). 

Safety was assessed in terms of the incidence of 
treatment-related and treatment-emergent adverse 
events and changes in laboratory safety parameters, 
vital signs, and physical findings. Adverse events were 
collected by the study physicians, who determined the 
relationship of the event to pravastatin treatment. 

Statistical Analysis 

For the primary end point, percent change from 
baseline in serum adiponectin concentrations at 
6 months, we anticipated 40% net increases in adipo- 
nectin at 6 months. Assuming a 5% dropout rate, we 
estimated that a sample size of 100 patients treated with 
pravastatin would provide £80% power to detect a 
significant change during 6 months of treatment, using 
a 2-tailed a of 0.05 and an estimated SD of 10%. 

All statistical analyses were conducted using 
StatView for Windows version 5.0 (SAS Institute Inc., 
Cary, North Carolina). Comparisons of serum param- 



eters (TC and LDL-C) before and after pravastatin 
treatment and comparisons of adiponectin concentra- 
tions in those taking and not taking an ARB and those 
with and without a previous MI were performed using 
paired or unpaired t tests. Because of the skewed dis- 
tribution of observed values for each parameter, con- 
centrations of HDL-C, TG, hsCRP, and adiponectin 
were compared using the nonparametric Wilcoxon 
rank sum test. The normalcy of the distribution of the 
data was tested using the Kolmogorov-Smirnov test. A 
P value >0.05 indicated that the observed distribu- 
tion of variables was not statistically different from 
the normal distribution. Correlations between serum 
parameters were analyzed using a Pearson product- 
moment correlation test. Differences with a P value 
<0.05 were considered statistically significant. 

Data are presented as mean (SD) or median (in- 
terquartile range [IQR]). Differences in the frequen- 
cies of the 4 serum adiponectin quartiles were ana- 
lyzed using the F distribution test. Continuous data 
were compared by 1-way analysis of variance fol- 
lowed by the Scheffe F test. 

RESULTS 

Of the 130 patients initially enrolled, 7 declined to 
participate and 4 were excluded for violation of the 
inclusion criteria (2 with severe liver cirrhosis, 1 with 
gastric cancer, and 1 with severe congestive heart fail- 
ure [NYHA class III]). Four patients discontinued the 
study because of adverse events: 1 case of severe toxic 
eczema, which was considered related to pravastatin, 
and 1 case each of mild eczema, increased aminotrans- 
ferases, and general fatigue, which were considered 
possibly related to pravastatin. Thus, 115 patients 
were included in the study analyses (Figure 1). Their 
baseline characteristics are summarized in Table I. 
Changes from baseline in the study end points are 
summarized in Table II. 

All patients were compliant with study medication. 
No patient had a cardiac event during the 6-month 
follow-up period. 

Changes in Serum Lipid Levels 

TC levels decreased 14.6%, from a mean (SD) of 
209.5 (26.3) mg/dL at baseline to 178.8 (26.5) mg/dL 
after 6 months of treatment (P < 0.001). LDL-C levels 
decreased 23.3%, from 133.9 (22.3) mg/dL at base- 
line to 102.7 (20.8) mg/dL at 6 months (P < 0.001). 
The -13.3% change in TG levels from a median (IQR) 



K, Sakamoto et at 



Assessed for eligibility 
(N-130) 

Previous Ml (83) 

Coronary spastic angina (27) 

Effort angina (25) 






Excluded (n - 11) 
Declined to participate (7) 
Did not meet inclusion criteria (4) 
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Malignant disease (1 ) 
Congestive heart failure (1 ) 








Withdrawn (n = 4) 
Eczema (2) 
Liver disorder (1) 
General fatigue (1) 







Analyzed 
(n = 115) 



Figure t. CONSORT diagram of the observational pilot study. Ml - myocardial infarction. 





Table I. Baseline characteristics of study patients (N 


= 115). 




Characteristic 


Value 


Characteristic 


Value 


Age, mean (SD), y 

Sex, no. (%) 
Male 
Female 

Body mass index, mean (SD), 
kg/m 2 


68 (10.5) 

83 (72.2) 
32 (27.8) 

24.1 (3.1) 


Cardiovascular risk factors, no. (%) 
Hypertension 

Previous myocardial infarction 
Current smoking 
Coronary spastic angina 
Exertional angina 
Diabetes 


76 (66.1) 
63 (54.8) 
40 (34.8) 
27 (23.5) 
25 (21.7) 
22(19.1) 



Table II. Values at baseline and after 6 months of therapy with pravastatin 10 to 20 mg/d (mean fSDl dosage 
13[6]mg/d). 6 


Parameter 


Baseline 


6 Months 


Lipids, mg/dL 

TC, mean (SD) 

LDL-C, mean (SD) 

HDL-C, median (IQR) 

TG, median (IQR) 
HbA 1c , median (IQR), % 
hsCRP, median (IQR), mg/L 
Adiponectin, median (IQR), ug/mL 


209.5 (26.3) 
133.9 (22.3) 
43.0 (37.0-49.0) 
128.0 (91.0-168.8) 
5.1 (4.9-5.6) 

1.1 (0.5-3.3) 

7.2 (4.8-10.4) 


178.8 (26.5)* 

102.7(20.8)* 
49.0 (43.0-54.0)* 

111.0(78.0-162.8) 
5.2 (4.8-5.6) 
0.6 (0.3-2.2)* 
7.8 (5.4-11.2)* 


TC - total cholesterol; LDL-C = low-density lipoprotein cholesterol; HDL-C -= high-density lipoprotein cholesterol; IQR - 
•P^OOO range ' TG " triglyCer ' deS; HbAlc = gVcosylated hemoglobin; hsCRP = high-sensitivity C-reactive protein. 



of 128.0 (91.0-168.8) mg/dL at baseline to 111.0 (78.0- 
162.8) mg/dL at 6 months was not statistically signifi- 
cant. HDL-C levels increased 14.0%, from a median 
of 43.0 (37.0-49.0) mg/dL at baseline to 49.0 (43.0- 
54.0) mg/dL at 6 months (P < 0.001). The percent 
changes in serum lipids are illustrated in Figure 2. 

Changes in Serum Adiponectin Concentrations 

Median (IQR) serum adiponectin concentrations 
were 7.2 (4.8-10.4) ug/mL at baseline. Baseline adi- 



ponectin concentrations were significantly correlat- 
ed with age (r = 0.399; P < 0.001), body mass index 
(r = -0.313; P < 0.001), and TG levels (r = -0.301; 
P = 0.001). Adiponectin concentrations were numer- 
ically but not statistically significantly increased 
in 74 (64.4%) patients, with a normal distribu- 
tion (Figure 3). After 6 months of pravastatin treat- 
ment, serum adiponectin concentrations had in- 
creased by 16.3% to 7.8 (5.4-11.2) ug/mL (P < 
0.001) (Figure 4). 
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Figure 2. Box plots of changes in serum lipids after 6 months of pravastatin therapy. TC = total cholesterol; LDL-C - 
low-density lipoprotein cholesterol; HDL-C - high-density lipoprotein cholesterol; TG - triglycerides. 
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Rgure 4. Plot of changes in serum adiponectin concentrations at baseline and after 6 months of pravastatin therapy. 
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Figure 5. Comparison of percent changes in adipo- 
nectin concentrations by quartile of baseline 
concentrations: quartile 1 (Q1 ) - <4.83 ug/ 
mL; quartile 2 (Q2) = 4.83-7.20 ug/mL; 
quartile 3 (Q3) - 7.21-10.38 ug/mL; and 
quartile 4 (Q4) - >10.38 ug/mL. 



The percent increases in serum adiponectin concen- 
trations in the 4 quartile groups were 39.3% in Ql, 
15.9% in Q2, 4.5% in Q3, and 6.3% in Q4. The dif- 
ference in increase was significant for Ql compared 
with Q3 and Q4 (P < 0.003 and P < 0.005, respective- 
ly) (Figure 5). As to the correlation between the rela- 
tive changes in adiponectin and lipid concentrations, 
only the correlation with HDL-C was statistically sig- 
nificant (r = 0.47; P < 0.001) (Figure 6). 

Fifty (43.5%) patients were using ARB therapy at 
baseline, and 65 (56.5%) were not. There was no sig- 
nificant difference in the percent increase in adiponectin 
concentrations between patients who were taking an 
ARB (15.5%) and those who were not (16.9%). No 
patients initiated ARB treatment during the 6-month 
study period. Sixty-three (54.8%) patients had a previ- 
ous MI (including 12 with acute MI). In the 12 patients 
with acute MI, the mean interval between acute events 
and the start of pravastatin therapy was 9.4 days. There 
was no significant difference in the percent increase in 
adiponectin concentrations in those with a previous MI 
(19.4%) and those without a previous MI (12.5%). 

Changes in Serum hsCRP Levels and HbA 1c Values 

Serum hsCRP levels decreased significantly from a 
median (IQR) of 1.1 (0.5-3.3) mg/L at baseline to 0.6 
(0.3-2.2) mg/L after 6 months of pravastatin treat- 
ment (P < 0.001) (Figure 7). These changes were not 
significantly correlated with the changes in adiponec- 
tin concentrations (r = 0.149). 

Overall, serum HbA lc values were not significantly 
changed at the end of 6 months. The baseline median 
(IQR) value was 5.1% (4.9-5.6), and the value at 
6 months was 5.2% (4.8-5.6). However, in patients 
with baseline HbA lc values >7.0%, the change at 
6 months was statistically significant: from 7.8% 
(7.6-8.6) to 6.7% (5.8-7.5) (P = 0.036). 

DISCUSSION 

In this pilot study, therapeutic doses of pravastatin 
increased serum adiponectin concentrations after 
6 months. Some statins have pleiotropic effects in addi- 
tion to their effects on serum lipids. 9-11 These effects in- 
clude induction of endothelial nitric oxide synthase 13 ' 26 ; 
inhibition of adhesion molecules and chemotactic fac- 
tors (eg, vascular cell adhesion molecule-1, 27 intercellu- 
lar adhesion molecule-1, 28 monocyte chemoattractant 
protein-1 29 ); and inhibition of matrix metallopro- 
teinase 30 and type 1 plasminogen activator inhibitor. 31 



Serum concentrations of adiponectin were in- 
creased by the HMG-CoA-reductase inhibitor pra- 
vastatin. In 2 randomized, double-blind, placebo- 
controlled, crossover trials in patients with combined 
hyperlipidemia or hypertensive hypercholesterolemia 
(excluding patients with recent acute coronary syn- 
drome), 2 months of monotherapy with atorvastatin 
10 mg 15 and simvastatin 20 mg 16 did not significant- 
ly increase plasma adiponectin concentrations. The 
discrepancy between the findings of these studies and 
the present trial may be related to drug-specific effects 
of pravastatin or to differences in study populations 
and/or designs (including durations). Head-to-head com- 
parative trials in the same populations are necessary 
to clarify differences in the effects of individual statins 
on adiponectin concentrations. 

The precise mechanism(s) for the increase in adi- 
ponectin concentrations associated with pravastatin 
therapy is unknown. One explanation is that prava- 
statin may influence the production of adiponectin 
from adipocytes. We believe that pravastatin does not 
have a direct effect on adiponectin synthesis and secre- 



I 100- 





0 P- 0.007 


o 




o 


O 




O 
O 








>®> o 
o 




00 


0 0 0 * 

I I I 1 — 



-50 -40 -30 -20 



% Change in TC 




-60 -50 -40 -30 -20 -10 0 10 20 30 40 
% Change in LDL-C 




% Change in TG % Change in HDL-C 



Figure 6. Correlations between percent changes in serum adiponectin concentrations and percent changes in 
serum lipid levels. TC - total cholesterol; LDL-C = low-density lipoprotein cholesterol; TG - triglycerides; 
HDL-C - high-density lipoprotein cholesterol. 



tion from adipocytes; therefore, the drug may alter 
adiponectin concentrations indirectly through actions 
on a remote organ with a high affinity for pravastat- 
in. From this viewpoint, the liver could be the most 
likely effector organ, and humoral factors produced 
by the liver might regulate adiponectin production in 
adipocytes. Pravastatin is the most hydrophilic of the 
statins and has more effect on hepatocytes than the 
other lipophilic statins. 32 

In the present study, the changes in HDL-C were sig- 
nificantly correlated with changes in serum adiponectin 
concentrations during pravastatin therapy. In a study in 
60 nondiabetic patients with low HDL-C and metabol- 
ic syndrome, 30 of whom received pioglitazone 30 mg 
for 6 weeks and 30 of whom were controls, Szapary et 
al 33 reported that pioglitazone treatment was associat- 




ed with a 15% increase in HDL-C levels (11% increase 
in pioglitazone group, 4% decrease in controls; P < 
0.001). The HDL-C-raising effect was not correlated 
with changes in insulin resistance but only with changes 
in adiponectin concentrations (r = 0.34; P = 0.01); 
therefore, the authors concluded that pioglitazone may 
exert its effects on HDL-C indirectly via adiponectin. 
The strong correlation between changes in HDL-C and 
adiponectin concentrations in the present study may in- 
dicate some mediation of pravastatin's HDL-C-raising 
effects through changes in adiponectin, as theorized by 
Szapary et al. 

This study had several limitations, including a 
small sample size, short duration, and lack of a com- 
parator group. Lifestyle changes were not monitored 
or controlled. 
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Figure 7. Plot of changes in serum high-sensitivity 
C-reactive protein (hsCRP) levels after 
6 months of pravastatin treatment. 



CONCLUSIONS 

In this pilot study, pravastatin 10 to 20 mg/d for 
6 months was associated with increases in serum adi- 
ponectin concentrations in these Japanese patients with 
CAD and hypercholesterolemia. These preliminary find- 
ings require further study in larger, prospective, random- 
ized, double-blind, controlled, comparative trials. 
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